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ABSTRACT 
PC'trology :md Regional Relationships of the Ordovician 
Kinnikinic Formation and Equivalents, 
Central and Southern Idaho 
by 
Wm. Calvin James, Master of Science 
Utah State University, 1973 
Major Professor: Dr. Robert Q. Oaks, Jr. 
Departm e nt; Geology 
.xiii 
The Kinnikinic Form ation of central Idaho is a sedimentary unit 
consisting principally of orthoquartzite. From its maximum measur ed 
thickness of 2285 feet in the central Lemhi Range near Gilmore, Idaho, 
it thins westward to 376 feet at the type section and southward to 326 feet 
near Arco, Idaho. Northeast of the Lemhi Range it occurs only as ero-
sional remnants, due to pr e- Devonian erosion. Both the lower and upper 
contacts of the Kinnikinic Formation are disconformable. 
The Kinnikinic Formation is light colored, predominately fine to 
medium grained, thin to medium bedded, and largely cemented by silica 
overgrowths. Some metamorphic recrystallization has occurred locally. 
Although parallel laminae and structureless beds predominate within pri-
marily parallel bedding, omikron-type (underwater dune) cross-laminae 
are locally abundant. The sediments are moderat.ely sorted to well sorted 
and both positively and negatively skewed. Cumulative-frequency prob-
ability curves illustrate traction, "saltation," and "suspension" popula-
tions; some thin sections indicate two "saltation" populations. 
xiv 
An open-marine, shallow-shelfal environment influenced by high-
energy (tidal?) currents is postulated for deposition of the Kinnikinic For-
mation on the basis of the lithlogic uniformity, lateral extent, sedimentary 
structure, trace fossils, and paleogeographic setting. 
The Swan Peak Formation of southeastern Idaho and north-central 
Utah is divisible into a lower member of dark gray shale and quartz silitite, 
a middle member of brown orthoquartzite and light-colored shale, and an 
upper member of white orthoquartzite. 
Correlation of the white, fine- to medium-grained quartzite in the 
Raft River Range with the Ordovician Eureka Quartzite, considered probable 
by Compton (1972), is here accepted. The relatively thin nature of the 
Eureka Quartzite in this area reflects lesser sedimentation rates relative 
to areas farther south and/ or post-depositional erosion. 
The Dayley Creek Quartzite of Armstrong (1968) in the Albion 
Range is complexly faulted; as mapped, all or most of it probably is not 
correlative with the Kinnikinic Formation. Quartzites in the lower thrust 
plate of the Phi Kappa Formation in central Idaho are not environmental 
equivalents of the Kinnikinic Formation to the east, even though they appar-
ently are approximately time equivalent (Churkin, 1963a, pp. 1612-1615). 
xv 
Middle Ordovician, shallow-shelfal orthoquartzit.es (Kinnikinic 
Formation, upper member of the Swan Peak Formation, Eureka Quartzite, 
and Mount Wilson Quartzite of southern Canada) are considered to be one 
originally continuous genetic unit, based on age determinations of overlying 
and underlying units, disconformable lower and upper contacts, close physical 
resemblances, and the high probability they were principally derived from 
the same source area, possibly Cambrian sandstones in the Peace River-
Athabasca Arch area of northern Alberta, Canada. 
The shelfal environment of the Middle Ordovician Cordilleran 
miogeosyncline can be divided into at least five major, distinctly separated, 
basins of deposition: (1) Alberta-British Columbia Basin; (2) Central Idaho 
Basin; (3} Southeastern Idaho Basin (herein proposed); (4) Northeastern 
Nevada Basin; and (5) Ibex Basin. 
Anomalously high percentages of undulatory quartz grains in Middle 
Ordovician orthoquartzi tes of the Cordilleran miogeosynclinal shelf are 
highly suggestive of straining in situ and are probably related to post-deposi-
tional conditions ranging from purely tectonic to intricate combinations of 
tectonic and nontectonic events. 
(283 pages) 
INTRODUCTION 
General Statement 
This report summarizes a detailed stratigraphic investigation and 
environmental analysis of the Kinnikinic Formation of central Idaho, and a 
supplementary evaluation of the Swan Peak Formation and the Eureka Quartz-
ite of southeastern Idaho and extreme northern Utah (Figs. 1 and 2). 
From general geologic mapping (Fig. 3) and stratigraphic investi-
gations (C. P. Ross, 1934a; Scholten, 1957; Churkin, 1962; Ketner, 1966, 
1968; Hobbs, Hays, and R. J. Ross, 1968), the Kinnikinic Formation is con-
sidered to be a miogeosynclinal quartzite of Middle Ordovician Age. The 
Kinnikinic Formation is primarily exposed in central Idaho in the Lemhi 
Range, Lost River Range, and the Salmon River Range; it occurs as isolated 
remnants elsewhere in central Idaho and southwestern Montana. The portion 
of this report dealing with the Kinnikinic Formation contributes information 
on stratigraphic relationships, petrography, cross-stratification, environ-
ment of deposition, sediment source areas, and regional correlation, and 
gives details of lithology, thickness variations, and extent of the Kinnikinic 
Formation in central Idaho. 
From general geologic mapping (Fig. 4) and detailed studies of the 
Swan Peak Formation in northern Utah and southeastern Idaho R. J. Ross, 
1964a, 1964b; VanDorston, 1969, 1970; Francis, 1972; Schulingkamp, 1972) 
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the environments of deposition of its three members, age, trace-fossil as-
semblanges, petrographic characteristics, stratigraphic relationships, and 
correlation with the Eureka Quartzite in western Utah and Nevada have been 
determined. In formation in this report is designed to supplement these pre-
vious detailed studies by analysing the three members of the Swan Peak Forma-
tion as to thicknesses, lithologic variations, and extents in southeastern Idaho 
and portions of extreme northern Utah. 
From general and detailed studies of the Eureka Quartzite (Webb, 
1956, 1958; Hintze, 1959 ; R.J. Ross, 1964a; Ketner, 1966, 1968; Francis, 
1972; Schulingkamp, 1972} the extent, thickness, age, regional stratigraphic 
relations hips, petrogr a phic characteristics, and environment of deposition 
have generally been determined. Information in this refX)rt is designed to 
supplem< ' nt previous detailed studies, and utilize geologic mapping (Felix, 
1956; Compton, 1972) in the Raft River Range of northern Utah to aid in the 
understanding of Middle Ordovician quartzites in that area. 
Purposes of Investigation 
The purposes of this investigation were: (1) to determine the environ-
/ mentor environments of deposition of the Kinnikinic Formation; (2) to deter-
mine possible source areas for the Kinnikinic Formation; (3) to determine 
thickness variations, lithologic variations, and extent of the Kinnikinic Forma-
tion; (4) to evaluate contact relationships of the overlying and underlying rock 
units with the Kinnikinic Formation; (5) to determine mineralogy, grain size, 
3 
sorting, rounding, and diagenetic alterations of the Kinnikinic Formation by 
petrographic study; (6) to evaluate the paleogeography of central Idaho, south-
eastern Idaho, and northern Utah during the Middle Ordovician; (7) to deter-
mine thicknesses and extents of each of the three members of the Swan Peak 
Formation in southeastern Idaho and portions of extreme northern Utah; 
(8) to evaluate the thickness variations and lithologic characteristics of the 
Eureka Quartzite in the Raft River Range; and (9) to evaluate evidence for 
correlation of the Kinnikinic Formation, Swan Peak Formation, and Eureka 
Quartzite. 
Detailed environmental analyses of individual stratigraphic units 
are a necessity if Paleozoic marine sedimentation, cratonic and geosynclinal 
paleogeography, and palinspastic reconstructions are to be interpreted cor-
rectly. 
Location and Accessibility 
Kinnikinic study area 
The area of study of the Kinnikinic Formation is in central Idaho, 
primarily in the Lemhi Range, Lost River Range, Salmon River Range, 
and Beaverhead Range, with sections in only two other portions of central 
Idaho (Fig. 5). Exposures of the Kinnikinic Formation crop out along the 
individual mountain ranges, and are easily recognized by their generally 
white appearance, which contrasts sharply with the medium t.o dark gray 
colors of the overlying Fish Haven Dolomite. Elsewhere in the study area, 
4 
where ~1ssociated with igneous activity, regional metamorphism, or complex 
tectonic movements, the Kinnikinic Formation is less distinct. In such areas, 
close fif'ld observations, aerial photographic interpretations, and critical use 
of geologic maps are needed to distinguish the Kinnikinic Formation from 
PreC':1mbrian and Cambrian quartzites. 
Access to measured stratigraphic sections is generally fair to good 
with the aid of a truck or a four-wheel-drive vehicle. A one to four hour hike 
from the point of closest approach by field vehicle is required to reach the 
locations of most stratigraphic sections. Idaho State Highway 28 southeast 
of Salmon, Idaho State Highway 93 south from Salmon, Idaho State Highway 
93 Alternate northwest from Arco, Idaho State Highway 26 northwest from 
Blackfoot, Idaho State Highway 22 northwest from Howe, and Interstate 15 
north from Dubois are a ll pa ved highways in the general geographical vicinity 
of the study area (Fig. 5). From these paved highways, graded roads, unim-
proved roads, jeep trails, and animal trails lead into the mountain ranges. 
Twenty thin sections were cut and studied from measured strat-
igraphic sections of the Kinnikinic Formation at the following locations 
(Fig. 5): (1) Black Canyon-Middle Canyon; (2) Meadow Lake; (3) Elbow 
Canyon; (4) Rattlesnake Creek; and (5) Kinnikinic Creek Reference Section 1. 
Two thin sections were cut and studied from the Phi Kappa Formation at the 
Park Creek Section (Fig. 5). 
5 
Swan Peak-Eureka studv area 
The Swan Peak Formation and the Eureka Quartzite were studied in 
southeastern Idaho south of the Snake River Basalt Plateau from 112° to 114° 
west longitude, the Malad Range of northern Utah, and the Raft River Range 
of northwE>stern Utah (Fig. 6). Exposures with associated measured strat-
igraphic sections occur in the Malad Range, Portneuf Range, Bannock Range, 
Deep Creek Range, and Raft River Range (Fig. 6). Most other mountain 
ranges in the study area do not contain exposures of the Swan Peak Formation 
or the Eureka Quartzite, as determined by geologic maps (Mansfield, 1920; 
C. P. Ross, and Forrester, 1947; Youngquist and Haegele, 1955), personal 
reconnaissance of unmapped areas, and written communications with Wilfred 
J. Carr, U.S. Geological Survey. The rocks of the Albion Range are so meta-
morphosed and disrupted tectonically that study was considered impractical 
until more detailed maps are available. 
Access to measured stratigraphic sections is genera11y fair to good 
with a truck or four-wheel-drive vehicle. A hike of approximately four hours 
is required to reach the measured stratigraphic section at Elkhorn Peak, 
whereas all other stratigraphic sections can be reached by foot in less than 
three hours. Paved highways or improved roads include U.S. Highway 191 
south from Downey, U.S. Highway 91 south from Pocatello, U. S, Highway 
30N east from Burley, U.S. Highway 30S southeast from Burley, Utah State 
Highway 70 east and west from Park Valley, Idaho State Highway 38 north 
from Holbrook, and Idaho State Highway 37 west from Malad City (Fig. 6). 
From these, unimproved roads, jeep trails, and animal trails lead into the 
mountain ranges. 
Field Methods 
6 
Field work was accomplished during a three-week period in the 
summer of 1970, a fourteen-week period in the summer of 1971, and a two-
week period in the summer of 197 2. A truck was used in the field in the less 
accessible areas. 
From published and unpublished geologic maps (Figs. 3 and 4) and 
personal reconnaissance, exposures of the Kinnikinic Formation, Swan Peak 
Formation, and Eureka Quartzite were transferred to topographic contour 
maps (scale 1: 250,000) distributed by the U.S. Geological Survey. From 
these topographic base maps, areas of good exposures and relatively simple 
structure were selected. Other criteria considered in selecting locations 
for stratigraphic sections were probable completeness of the section and 
distance from other measured stratigraphic sections. 
Twelve complete and five partial stratigraphic sections of the 
Kinnikinic Formation, three complete and eight partial stratigraphic sections 
of the Swan Peak Formation, and seventeen complete stratigraphic sections 
of the Eureka Quartzite were measured and described (Appendix F) by using 
Jacob staff, Abney hand level, and a one-hundred foot tape (Kottlowski, 
1965). Five other complete sections were measured south of Utah State 
Highwa y 70, and the three units were observed at eleven other sites . A 
7 
Brunton compass was used in the field for measurements of strikes and dips. 
Classification of cross-beds in the field followed Allen (1963). Data gathered 
on cross-beds include: (1) set thickness; (2) cross-bed grouping; (3) magni-
tude; (4) environment; (5) lower bounding surface; (6) lithology; (7) cross-
bed diµ ang le; (8) bottom relationship; and (9) general classification (McKee 
and Weir, 1953; Allen, 1963). 
Pits were dug in covered slopes with a rock hammer to determine 
the lithology of the covered interval. Samples were collected throughout 
the measured stratigraphic sections at intervals ranging from a few inches 
to no more than fifty feet stratigraphically, and characteristic features 
were noted and recorded as field notes. Included in field descriptions were: 
(1) section name and location; (2) the longitudinal profile of the stratigraphic 
section; (3) overlying and underlying units and their contact relationships; 
(4) lithologies: (5) bed thicknesses; (6) grain sizes and cements; (7) weath-
ered and unweathered colors (Rock Color Chart, Goddard, 1963); (8) inor-
ganic and organic sedimentary structures; (9) body fossils; and ( 10) struc-
tural relationships. 
Laboratory Methods 
Samples from measured stratigraphic sections were studied in the 
laboratory. Most samples were first observed with a hand lens (lOx) to more 
accurately determine grain size and to select samples for thin-section analysis. 
From these several hundred samples, the following 36 thin sections were cut 
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perpendicular to bedding, and observed, as follows: (1) Kinnikinic Forma-
tion, 23 from five stratigraphic sections (Black Canyon-Middle Canyon (5); 
Meadow Lake (10); Rattlesnake Creek (l); Elbow Canyon (2); Kinnikinic 
Creek Reference Section 1 (5); (2) the underlying carbonate and quartzite 
units, 10 from 7 stratigraphic sections (Black Canyon-Middle Canyon (l); 
Meadow Lake (1); Elbow Canyon (2); Donkey Hills (2); Foss Mountain (2); 
Summerhouse Canyon (1); Kinnikinic Creek Reference Section 1 (1); and 
(3) the lower of two quartzites in the lower thrust plate in the Phi Kappa 
Formation at Park Creek (2). Observations were recorded for two 
hundred grains randomly selected at regular grid intersections in each of 
twelve thin sections of the Kinnikinic Formation (Black Canyon-Middle Can-
yon (5); Meadow Lake (6); Kinnikinic Creek Reference Section 1 (1). Selected 
thin sections were stained with alizarin red S for calcite (Mueller, 1967, 
p . 164), s0rlium cobaltinitrite for potassium feldspar, and sodium theo-
cyanate for plagioclase feldspar (Bailey and Stevens, 1960). A Zeiss polar-
izing microscope with mechanical stage and other accessories was used in 
making the point counts. Characteristics included in both the thin sections 
point counted and in the Kinnikinic thin sections studied more generally were: 
(1) mineralogy; (2) grain size (largest diameter, ~ Friedman, 1958); 
(3) shape; (4) rounding; (5) quartz types (Blatt and Christie, 1963); (6) over-
growths; (7) inclusions; (8) cement and/or matrix; and (9) other diagenetic 
alterations. 
9 
The graphic mean gy,tin size (phi mean, Mz), inclusive graphic 
standard deviation (0 ), and inclusive graphic skewness (Sk ) (Folk and Ward, 
I I 
1957) WC'rt' claculated for each thin section point counted. The graphic mean 
grain size (M ) of McCammon (1962) was also calculated for each thin sec-
zl 
tion (Table 1, Appendix E). Data for these calculations were derived by 
converting grain-size data to sieve-size data, after Friedman (1958). Cum-
ulative-frequency curves (ogive curves) and frequency-distribution curves 
for corrected data are presented in Appendix D. 
Following close observation in thin section, X-ray diffraction pat-
terns were run on three samples (Kinnikinic Creek Reference Section 1 
(2); Meadow Lake (1)). The X-ray patterns were run at 2°/2&/minute to 65°. 
X-ray diffractometry was used for the purpose of identification of minerals 
not readily distinguishable in thin section due primarily to their small size. 
General Geologic Setting 
The Kinnikinic study area and the Swan Peak-Eureka study area 
are situntecl in areas of largely unmetamorphosed to slightly metamorphosed 
Precambrian and Paleozoic sedimentary rocks (~ Figs. 1 and 2). 
Quaternary volcanics of the Snake River Basalt Plateau bound the 
Kinnikinic study area on the south and southeast; to the southwest the Challis 
Volcanics of Tertiary age obscure older rocks; to the west and northwest the 
Idaho Batholith contributes significantly to structural and metamorphic com-
plexity; and to the northeast and cast the Kinnikinic thins markedly and then 
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is absent due to exte nsiv e pre-Devonian erosion, and locally complex due to 
an associated Late Ordovici an igneous intrusive (Beaverhead Batholith of 
Bamspott and Scholten, 1964). Degree of metamorphism and structural com-
plexity in general in('n' :tsc toward these regional igneous complexes. 
The Swan Peak-Eureka study area is bounded to the northwest and 
north by Quaternary volcanics of the Snake River Basalt Plateau, and to the 
northeast, east, south, and west, by other Precambrian and Paleozoic sedi-
mentary rocks. Medium- to high-grade regional metamorphism is associated 
with rocks of the Raft River Range and the Albion Range. 
Rock-Name Terminology 
Th0 term "shale" refers to a laminated or fissile claystone or silt-
stone (Pettijohn, 1957, p. 341). "Siltstone" or "siltite'' is an indurated 
sedimentary rock with at least 50 percent of the particles comprising the 
rock in the silt rang e (1/16-1/256 mm in diameter) ; the rock breaks around 
the grains (Pettijohn, 1957, p. 341). "Mudstone'' is an indurated sedimentary 
rock composed predominantly of clay-sized particles (less than 1/256 mm in 
diameter), and is neither fissile nor laminated (Pettijohn, 1957, p. 341). 
"Argillite '' is an indurated sedimentary rock derived from shale or siltstone, 
which has undergone a high degree of induration. It is considered intermediate 
between shale and slate (Pettijohn, 1957, p. 342). The author restricts the 
term "limestone'' only to those carbonate rocks composed of more than 50 
percent calcite or aragonite. "Dolomite" is a variety of carbonate rock 
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composed of more than 50 percent of the mineral dolomite (adapted from 
Pettijohn, 1957, p. 416). ''Ankerite" (ferroan-dolomit.e) is a mineral similar 
to dolomite in which about one-half of the magnesium has been replaced by iron 
(Dana, 1966, p. 339). "Sandstone" is an indurated sedimentary rock composed 
predominantly of sand-si;,;ed grains (1/ 16-2 mm diameter), but which will break 
around the grains. "Quartzite" is a general term for any quartzose rock ce-
mented by silica, so that the rock breaks through the grains (adapted from 
Pettijohn, 1957, p. 295). Therefore, the term applies equally well to in-
durated "quartz siltite" and "quartz arenite." "Quartz arenite" is a sand-
stone consisting of greater than 95 percent of the mineral quartz (all types, 
except chert and siliceous rock fragments); the cement is not considered in 
naming the rock (Folk, 1968, pp. 123-124). "Orthoquartzite" is a quartzite 
in which quartz is greater than 90 percent (some authors use 95 percent) of 
the dctri tal fraction and the matrix and / or cement is generally secondary 
silica. The volume of secondary silica may vary from just enough to hold 
the rock together to complet.e filling of the voids (Pettijohn, 1957, p. 296). 
Thus, a quartz arenite cemented with silica falls within the definition of 
orthoquartzite. "Metaquartzite" (metamorphic quartzite) refers to those 
quartzites produced under metamorphic conditions; they are characterized 
by recrystallization (Krynine, 1948, p. 149). 
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Terminology for Primary Sedimentary Structures 
Primary (syngenctic or syndepositional) inorganic i;;ediment'lry 
structurei;; a re those sedimentary structures formed by mechanical processes 
contemporaneous with sediment deposition (Pettijohn, 1957, p. 158, Table 34). 
They are distinguished from secondary (diagenetic) and organic sedimentary 
structures by their mode of orgin. Syndepositional sedimentary structures 
include (Conybeare and Crook, 1968, pp. 11-12, Table 3, quoted from 
Nagtagaal, 1965): (1) current-oriented components (elongate components 
parallel, perpendicular, or random to current); (2) current-oriented morpho-
units (cross-stratification, rib-and-furrow, dunes, anti-dunes, ripples, anti-
ripples, flaser structure, lenticular bedding, sand waves) ; (3) horizontal 
stntification (beds and laminae); and (4) structures due to redeposition~ 
masse (intraclasts and armored mud balls). 
A ''bed" is an informal time-stratigraphic unit of limited areal ex-
tent and of a relatively short time span. Beds are bounded by practically 
synchronous depositional surfaces (bedding surfaces) (Campbell, 1967). The 
term "lamina'' refers to small-scale stratification, similar to a bed, put 
with the following exceptions: (1) it is uniform in composition and texture; 
(2) it is never megascopically layered internally; (3) it has a smaller areal 
extent than the enclosing bed; and (4) it is formed in a shorter period of time 
than the enclosing bed (Campbell, 1967, p. 19). 
Other descriptive and thickness terminologies in this report refer to 
McKee and Weir (1953), Ingram (1954), Pettijohn (1957, pp. 157-178), Allen 
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(1963, 1970), Conybeare and Crook (1968, pp. 7-43), and Blatt, Middleton, 
and Murray (1973, pp . 111-175), and will be defined at the time of their use 
(Fi~. 7). 
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KINNIKINIC FORMATION 
Previous Work 
The Kinnikinic Formation has been mentioned or described in num-
emus publications, generally in conjunction with mapped quadrangles, thesis 
mapping projects, or indirectly in terms of generalized regional studies 
(Fig. 3: Anderson, 1956, 1957, 1959; Baldwin, 1943, 1951; Beutner, 1968; 
Beutner and Scholten, 1967; Churkin, 1960, 1961, 1962, 1963a, 1963b; Flanagan, 
1958; Hobbs, Hays and R. J. Ross, 1968; Huh, 1963; Ketner, 1966, 1968; King, 
1960; Knowles, 1961; Kupsch, 1950; Mackenzie, 1949; Patton, 1948; Ramspott, 
1962; C. P. Ross, 1925, 1934:1, 1934b, 1958, 1962a, 1962b, 1963a; C. P. Ross, 
and Forrester, 1947; Scholten, 1950, 1957, 1960; Shockey, 1957; Sloss, 1954; 
Sloss and Moritz, 1951; Smedley, 1948; Soregaroli, 1961; and Umpleby, 1917). 
Some of the more important contributions are listed below. 
The Kinnikinic Quartzite was named by C. P. Ross (1934a, p. 947} 
from exposures in the vicinity of Kinnikinic Creek in the Bayhorse Region 
(near Clayton, ~ Fig . 3), Custer County, Idaho. The following description 
was given by Ross (1934a, p. 948) . 
. . . well bedded, nearly pure quartzite with shaly part-
ings, which are partially calcareous. The prevalent color is nearly 
white, but some exposures are stained brick-red largely through 
the weathering of specularite. Conglomerates were noted in the 
formation only in the vicinity of Little Bayhorse Creek. 
The tremendous structural complexity in the Bayhorse Region made 
close stratigraphic measurement difficult; however, Ross estimated the 
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thickness at approximately 3500 feet, based on several observations. 
Ross (1934a, p. 949) described strata (presumed Ordovivian quartz-
ite) resembling the Kinnikinic Quartzite near the Wilbert Mine, Lemhi Range, 
Butte County, Idaho (T7N, R29E) as follows : 
Upper white quartzite 
Quartzitic dolomite 
Lower white quartzite 
Purple quartzite 
Shale 
Pebble quartzite 
Total thickness in feet 
1000+ 
85 
65 
400 
165 
200+ 
1915+ 
C. P. Ross (1934a) considered the Kinnikinic Quartzite in the 
Bay horse Region and similar quartzite beds to the east in the Lost River, 
Lem hi, and Beaverhead ranges to be Middle Ordovician in age, and thus 
roughly correlative, based on stratigraphic relationships to the overlying 
Saturday Mountain Formation (Fish Haven Dolomite) of Late Ordovician age 
and the underlying Ramshorn Slate of presumed Early Ordovician age. In 
1934 the Ramshorn Slate was recognized only in the Bayhorse Region. 
Patton (1948) subdivided the Kinnikinic Quartzite in the Bayhorse 
Region as follows, from base to top: (1) Lower Member (2550~ feet); 
(2) Clayton Mine Member (1600~ feet); (3) Ella Dolomite (300+ feet); and 
(4) South Butte Quartzite Member (840 feet). 
Scholten (1957) discussed variations in thickness of the Kinnikinic 
Quartzite, and drew generalized isopachous maps for each system of the 
Paleozoic Era in conjunction with a study of the geosynclinal margin in cen-
tral Idaho and southwestern Montana. 
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Churkin (1962) considered facies relationships of the Paleozoic 
miogeosynclinal margin in central Idaho, and constructed a generalized iso-
pachous map for individual units of the Tippecanoe Sequence of Sloss (1963) 
(Kinnikinic Quartzite, Fish Haven Dolomite, and Laketown Dolomite). 
Ketner (1966, 1968) compared mineralogies, textural parameters, 
and chemical compositions of Ordovician eugeosynclinal and miogeosynclinal 
quartzites, and contributed information on the provenance of these quartzites. 
Hobbs, Hays, and R. J. Ross (1968), in part following Patton (1948), 
proposed subdivision of the Kinnikinic Quartzite of Ross (1934a) into six 
formations. The subdivision is as follows, from top to bottom: 
Name 
Kinnikinic Quartzite 
Ella Dolomite 
Clayton Mine Quartzite 
Cash Creek Quartzite 
Carbonate-Siltstone 
Lower Quartzite 
Age 
Middle Ordovician 
Early Middle Ordovician 
Late Cambrian(?) 
Middle Cambrian 
Uncertain 
Uncertain 
Thickness 
700 ft. (calc.) 
700+ ft. 
1980 ft. 
1200 ft. (est. ) 
570+ ft. 
400+ ft. 
The computed thickness (700 feet) for the redefined (restricted) 
Kinnikinic Formation is acknowledged by Hobbs, Hays, and Ross ( 1968, 
p. J9) as probably too great, because of possible duplication by faulting. 
Measurement of Kinnikinic Creek Reference Section 1 (Section 19) of the 
present study revealed repetition of the Kinnikinic Formation by a high-angle 
reverse (?) fault. Approximately 75 to 100 feet of the lower portion of the 
Saturday Mountain Formation has been caught between . the upper contact of 
the Kinnikinic Formation below and the fault contact above wfth pronounced 
drag effects in evidence near the fault surface. The correct measured 
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thickness for an apparently complete section of the Kinnikinic Formation in 
the Clayton area is 376 feet, at Reference Section 1. 
On the basis of conodonts and brachiopods from the Ella Dolomite, 
Hobbs, Hays and Ross (1968, p. Jl3-Jl4) concluded that the Ella Dolomite 
and the r~defined Kinnikinic Quartzite were the only two formations of the 
six that are Middle Ordovician in age. The Ella Dolomite is considered 
probably early Middle Ordovician, and the Kinnikinic Quartzite is considered 
Middle Ordovician, based on its stratigraphic relationship to the underlying 
Ella Dolomite and the overlying late Middle Ordovician to Late Ordovician 
Saturday Mountain Formation (Fish Haven Dolomite). Paleontologic evidence 
strongly suggests that the lower four redefined formations are Cambrian or 
older, although an Early Ordovician age can not be entirely dismissed for at 
least the upper portion of the Clayton Mine Quartzite. 
Pre-Kinnikinic Stratigraphy 
General statement 
Due principally to differential erosion prior to deposition, the 
Kinnikinic Formation is either in angular discordance or in disconformable 
relationship with underlying units in the area studied. Depending on the loca-
tion, the Kinnikinic Formation is observed resting on one of the four following 
units (tectonic relationships not included): (1) Ella Dolomite; (2) Unnamed 
dolomite unit; (3) Cambrian ( ?) quartzite; and (4) Precambrian quartzite. 
Distribution, character, and age of each of these units are discussed below. 
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Ella Dolomite 
Hobbs, Hays, and Ross ( 1968, p. Jl2) designated as the type section 
of the Ella Dolomite exposures in the crest of the anticline that forms the 
north wall of the east-west-trending canyon of the Salmon River, west of the 
town of Clayton and east of the junction of Squaw Creek and the Salmon River. 
Distribution. Hobbs, Hays, and Ross (1968, p. J12-Jl3) reported 
exposures of the Ella Dolomite at several locations near the town of Clayton, 
and several miles to the north-northwest of the type section, in Secs. 10 and 
15, T11N, R17E. The name ''Ella Dolomite" is, therefore, restricted to 
this general area in the eastern Bayhorse Region. 
Character. Hobbs, Hays, and Ross (1968, p. Jl3) described the 
Ella Dolomite as follows: 
The Ella Dolomite is a a:-quence of predominantly medium-
to thick-bedded dolomite, most of which contains some silt and fine 
sand, usually in thin laminae . . . The dolomite is predominantly 
fine grained but some portions as much as 25 feet thick are medium 
to coarsely crystalline. The color generally is medium to medium 
dark gray, commonly with a brown or tan cast . . . . Weathered 
surfaces are predominantly tan, brown, or yellowish gray ... 
One highly silicified zone has a oolitic appearance that seems to 
have resulted from the replacement of subspherical alg-al structures 
by silicia. 
A description of the Ella-Kinnikinic contact and the upper portion 
of the Ella Dolomite is presented in Appredix F (Section 19). 
Age. Based on brachiopods and conodonts (Hobbs, Hays, and Ross, 
1968, p. J14-J15) from a zone near the base (USGS Colln~ D1594 Co.) and a 
zone approximately 450 feet above the base (USGS Colln. D1848 Co.), R.J. 
Ross, Jr., and J. W. Huddle of the U.S. Geological Survey determined the 
Ella Dolomite to be of probable early Middle Ordovician Age (see Figs. 8 
and 9). 
Unnamed dolomite unit 
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The unnamed dolomite unit apparently is the same as that designated 
"Unit 5" by Beutner and Scholten (1967) from measured sections at North 
Creek, Sec. 33, T8N, R29E, Butte County, Idaho, and Foss Mountain, Sec. 
14, Tl ON, R 27E, Butte County, Idaho. Measurement and observation of ten 
stratigraphic sections of this unit in the central and southern portions of the 
Lost River and Lemhi ranges suggests that it is a thin, relatively continuous 
unit in disconformable contact with the Kinnikinic Formation. 
Distribution. The unnamed dolomite unit occurs beneath the 
Kinnikinic at ten locations (Appendix F): Sections 1, 2, 3, 5, 6, 8, 10, 
11, 12, and(?) 17. Figure 14 shows the typical variations in thickness 
and northward pinchout of the unit; thickness for this unit at the Mormon 
Gulch Section was taken from Unit 5 of Beutner and Scholten (1967) at North 
Creek. Where present, the unnamed dolomite unit ranges in thickness from 
23 feet, in the Arco Hills (Section 1) to greater than 130 feet, at Elkhorn 
Creek (Section 6). The presence of a distinctive saddle between the Kinnikinic 
Formation and the underlying Cambrian ( ?) quartzite in both Section 7 and 
Section 13, may indicate the occurrence of the unnamed dolomite unit at 
these locations, although shallow pi ts in these saddles revealed no carbonate. 
The absence of the unnamed dolomite unit at Mormon Gulch (Section 4) is 
apparently due to complex pre-Kinnikinic tect.onic relationships rather than 
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nondeposition or post-Kinnikinic erosion. The unit is apparently not present 
in the Beaverhead Range (Sections 9 and 15) or north of Meadow Lake in the 
Lemhi Range (Sections 14 and 16). 
Character. The unnamed dolomite unit is a sequence of fine- to 
medium-grained, crystalline dolomites, sandy dolomites, and dolomitic 
sandstones. The unweathered color is generally medium light gray (Rock 
Color Chart, Goddard, 1963) to medium dark gray, whereas the weathered 
color is generally light to dark gray, although pinkish gray, yellowish gray, 
and light olive brown are locally common. Laminae are thin, continuous 
and discontinuous, parallel and wavy parallel. Some laminae are of possible 
algal orgin. Discontinuous marly partings are abundant at some locations. 
Bedding is generally parallel and ranges from thin to thick. Few sedi-
mentary structures were observed, other than the laminae mentioned, 
and no macrofossils or trace fossils were located. 
Age. Beutner and Scholten (1967, p. 2308) stated: 
... an Early Ordovician age for the pre-Kinnikinic 
sequence in the Lemhi Range (Units 1-5) cannot be excluded, nor 
is it impossible that it is Precambrian in age. . .. the sequence 
of quartzite, slate-with-quartzite, and dolomite in the Lemhi 
Range and the Flathead-Wolsey-Meagher sequence on the cratonic 
shelf strongly suggests a Middle Cambrian age for the Lemhi 
Rocks. 
The present author believes the quartzite and slate-with-quartz-
ite (Units 1-4 of Beutner and Scholten, 1967) strongly resemble the sequence 
of Cambrian and Cambrian(?) strata described by Hobbs, Hays, and Ross 
(1968, p. J15-J21) and observed by the author in the Clayton area, and is 
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similar to Cambrian(?) strata described by Dover (1969) in the Pioneer 
Range (see Fig. 5). A Cambrian age for the lower four units in the Lemhi 
sequence thus appears probable. 
The unnamed dolomite unit (the uppermost unit in the Lemhi se-
quence), however, is probably Early Ordovician in age (~ Figs. 8 and 9) 
based on a trilobite fauna collected by E.T. Ruppel and D. L. Schleicher 
andidentifiedbyR.J. Ross, Jr. (U.S. Geological Survey, 1972, p. A34). 
Cambrian(?) Quartzite (undifferentiated) 
These strate include all of the units below the unnamed dolomite 
unit (Unit 5) and above the angular unconformity separating Paleozoic from 
Precambrian strata . Thus, Units 1-4 of Beutner and Scholten (1967) are 
included in these strata. 
Distribution. Although Cambrian(?) quartzite is widespread through-
out the study area, it is in direct contact with the Kinnikinic Formation (ex-
cluding tectonic relationships) at only four stratigraphic sections (Appendix 
F): Sections 4, 7, 9, and 13. 
Character. The physical characteristics of these strata are some-
what variable; for description of each unit~ Beutner and Scholten, 1967, 
p. 2307, Section I, Section 11; this report, Appendix F. 
Age. Although no paleontological data are available, physical resem-
blance to Cambrian strata described elsewhere in central Idaho (Baldwin, 
1951; Dover, 1969; Hobbs, Hays, and Ross, 1968; and numerous other theses 
and publications previously mentioned in this report), and angular relation 
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to the underlying Swauger Quartzite, widely believed to be of Late Precam-
brian age, suggest a probable Cambrian age. 
Precambrian Quartzite (undifferentiated) 
This unit is composed of strata referred to as Precambrian rocks 
or Belt Supergroup. 
Distribution. Although these strata are widespread throughout central 
Idaho, they occur in normal contact (angular discordance) with the Kinnikinic 
Formation at only two stratigraphic sections (Section 14 and 15). 
Character. These Precambrian strata consist of multi-colored 
quartzites, pebble-quartzites, and phyllitic quartzites. For detailed de-
scriptions of Precambrian strata in central Idaho, the interested reader is 
referred to Ruppel (1968) and numerous mapping theses and publications 
listed under previous work. 
Age. Although no paleontological data exist on these strata, certain 
characteristics suggest a Precambrian age. These strata generally exhibit 
higher degrees of metamorphism than do rocks of known Paleozoic age in 
the same general area. An angular unconformity exists between these strata 
and quartzites of presumed Cambrian age; also, the Swauger, a purple, 
pebble quartzite unit near the top of the sequence, physically resembles the 
Late Precambrian Mutual Formation of northern Utah and southeastern Idaho. 
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Post-Kinnikinic Stratigraphy 
General statement 
The Kinnikinic Formation in the Lemhi Range, Lost River Range, 
and Salmon River Range is overlain by the Ordovician Fish Haven Dolomite 
or its approximate correlative, the Saturday Mountain Formation (see Figs. 
8 and 9). In the Beaverhead and Tendoy ranges, where the Kinnikinic Forma-
tion is present, it is generally overlain by Devonian strata of the Jefferson(?) 
Formation or the Three Forks Formation, due either to nondeposition of the 
Fish Haven Dolomite, or post-Ordovician pre-Jefferson erosion (Tendoy 
Dome of Scholten, 1957) . The latter hypothesis is supported by the variability 
in thickness of the Kinnikinic Formation in the Beaverhead Range through 
short distances, and Precambrian quartzite in angular unconformable con-
tact with Devonian strata at several locations in the Beaverhead and Tendoy 
rang es. 
Because Devonian strata are in contact with the Kinnikinic Forma-
tion only in the easternmost protion of the area studied, detailed descriptions 
of these uhits will not be undertaken in this report. For descriptions of 
Devonian strata in central Idaho and southwestern Montana the interested 
reader is referred to Churkin (1961, 1962), Ramspott (1962), Scholten 
(1957, 1960). Scholten and Hait (1962), Scholten, Keenrnon, and Kupsch 
(1955), Mapel and Sandberg (1968), and numerous other publications listed 
under previous work. 
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In tlus report the Saturday Mountain Formation is restricted to 
tectonically complex strata in the Bayhorse quadrangle, whereas the name 
"Fish Hnv<'n DolomitC'" is applied to approximately time-equivulont strata 
in the Lost River and Lemhi ranges. 
Saturday Mountain Formation 
Distribution. C. P. Ross ( 1934a, p. 952) named the Saturday 
Mountain Formation from exposures of shaly dolomite and dolomitic lime-
stone on a ridge that lies west of lower Squaw Creek, near the middle of 
the western boundary of the Bayhorse quadrangle (~Ross, C. P., 1937, 
for map coverage). He stated: 
It may eventually prove desirable to drop the name, 
Saturday Mountain formation, and refer all these beds to the Fish 
Haven dolomite. The Saturday Mountain formation at its type 
locality is, however, so much thicker and contains so much more 
shale that it has seemed best, in the present state of knowledge, 
to assign a local name to it. 
It is precisely because of these lithologic differences, that the 
author prefers to distinguish between the Saturday Mountain Formation and 
its approximate time-equivalent to the east, the Fish Haven Dolomite. The 
Saturday Mountain Formation is, thus, a "transitional" unit between carbon-
ate-shelf sedimentation to the east and presumed eugeosynclinal, deeper-
water deposition to the west. 
Character. Churkin (1962, p. 578; 1963a, p. 431) described the 
Saturday Mountain Formation from a composite section at Squaw Creek Valley 
(TllN, R 17E) as a series of very fine-grained (crystalline), thin- to very 
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thin-bedded, gray and gray-brown weathering, locally sandy, fossiliferous 
dolomites, limestones, and shales with an estimated thiclmess of 1500 to 
1700 feet. The contact between the Saturday Mountain Formation and the 
Kinnikinic Formation is considered conformable by numerous workers in 
central Idaho. The author disagrees with this, and evaluates evidences for 
a disconformable relationship in the discussion of the Fish Haven Dolomite. 
A description of the Saturday Mountain-Kinnikinic contact, and the lower por-
tion of the Saturday Mountain Formation appears in Sections 18 and 19. 
Age. C. P. Ross (1934a, pp. 954-955) assigned the Saturday Mountain 
Formation to the Late Ordovician based on faunas collected from the unit 
(USGS Colln, 2610, 2506, 2238, 2240, 2241, 2243, 2244, 2245, and 2519). 
Churkin (1963a, p. 421) determined a Tretonian age on the basis of trilobites 
and associated graptolitcs in a shale unit of the Saturday Mountain Formation. 
Therefore, deposition of the Saturday Mountain Formation of the Bay horse 
quadrangle began in the Late Middle Ordovician and continued into the late 
Ordovician. 
Fish Haven Dolomite 
Ricl'>.ardson (1913, p. 410) named the Fish Haven Dolomite from ex-
posures in southeastern Idaho. Umpleby (1913, p. 33) was the first worker 
in central Idaho to recognize equivalent carbonates in the Lemhi Range from 
paleontological data collected in the Meadow Lake cirque. Unpleby (1917, 
p. 25) correlated these strata with the Fish Haven Dolomite of Richardson 
(1913), and Sloss (1954) extended the term to strata in the southern Lemhi 
Range. 
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Distribution. The Fish Haven Dolomite is in depositional contact 
with the Kinnikinic Formation throughout the Lemhi Range and the Lost River 
Range (see Sections 1-17). Sloss (1954, pp. 366-368) believed the Fish Haven 
Dolomite is present in the western portion of the southern Beaverhead Range; 
however, Scholten (1957, p. 159) believed these few tens of feet of dark dolo-
mite more nearly resemble the Jefferson Formation (Devonian). Elsewhere 
in the Beaverhead Range (except Reese Canyon, Section 15) and Tendoy Range 
the Fish Haven Dolomite is absent due to post-depositional erosion. Churkin 
(1962, p. 577) believed that the Fish Haven Dolomite at one time extended into 
southwestern Montana (Bighorn Dolomite) and was subsequently removed by 
post-Fish Haven, pre-Jefferson erosion. 
Character. The Fish Haven Dolomite of central Idaho will be dis-
cussed in terms of two general groups of strata; those strata in the lower 
portion of the Fish Haven Dolomite comprising Churkin's (1962) Lost River 
Member (Bear Canyon Member of Gibbs, 1960), and those strata overlying 
the Lost River Member. The strata above the Lost River Member, compris-
ing the main body of the Fish Haven Dolomit;e, are best described as medium 
to dark gray, fine-to medium-crystalline, thin- to thick-bedded, locally 
fossiliferous, locally cherty, structureless dolomite. These strata 
closely resemble the Fish Haven Dolomite of Richardson (1913, p. 410) in 
southeastern Idaho and northern Utah. More detailed descriptions of the 
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entire Fish Haven Dolomite occurs in Churkin (1961, 1962), Gibbs (1960), and 
numerous thesis mapping projects noted in the section on previous work. The 
Lost River Member is best described as a series of interbedded dolomites, 
quartzites, dolomi te-ccmented sandstones, muds tones, and siltstones (Appendix 
F, Sections 1-17). Churkin (1961, measured stratigraphic sections) reported 
a maximum thickness of the Lost River Member of 287 feet at Bear Canyon, 
Sec. 1, T llN, R 25E, Custer County, Idaho, and a thinness as small as 4 feet 
at North Creek, Sec. 29, T8N, R29E, Butte County, Idaho. 
Age. Numerous fossils in the Lost River Member identified by R. J. 
Ross, Jr. (1959), and by Gibbs (1960), indicated both Late Ordovician and late 
Middle Ordovician affinities for the Fish Haven Dolomite of central Idaho. Thus, 
the base of the Fish Haven Dolomite may be extended into the late Trentonian, 
making the beginning of deposition of the Fish Haven Dolomite and the beginning 
of despotion of the Saturday Mountain Formation essentially sync_hronous. 
Nature of Fish Haven-Kinnikinic contact. Most workers in central 
Idaho consider the Fish Haven-Kinnikinic contact conformable (Churkin, 1962; 
Gibbs, 1960; and numerous other publications). The author believes this 
assertion to be incorrect. Although the Lost River Member is lithologically 
distinct from the overlying portion of the Fish Haven Dolomite and contains 
orthoquartzite units very similar lithologically to orthoquartzite in the 
Kinnikinic Formation, the contact between the Kinnikinic Formation and the 
Fish Haven Dolomite is probably a low-angle regional disconformity. In sup-
port of this hypothesis the following data are presented: (1) at several 
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locations (Sections 2, 6, and 13) dolomite is in sharp contact with the Kinnikinic 
Formation with no suggestion of a gradetlonal cont.'lct; (2) orthoquartzites in 
Utt' l.ost Hiver Membor at one• location (Section 1) are completely enclosoci 
by carbonate and/or siltstone-mudstone, and exhibit cross-sections which 
resemble elastic channel deposits in a carbonate environment (approximately 
10 to 20 feet thick (range 2-50 ft.) and 50 to 100 feet wide); (3) where these 
orthoquartzites are more extensive (Sections 5 and 12) they generally pinch 
out laterally within several hundred feet; (4) there is also evidence of partial 
lithification followed by erosion at each orthoquartzite-carbonate contact within 
the Lost River Member at Elbow Canyon (Section 6), where reworked, rounded, 
orthoquartzite cobbles and pebbles are found in the lower few inches of each 
overlying carbonate (Plate 1);(5) discrete quartzite pebbles of the Kinnikinic 
Formation have been incorporated in the basal 5 feet of the Fish Haven Dolo-
mite in the Mahogany Hills (NWl/ 4, Sec. 27, Tl3N, R22E, Doublespring 
quadrangle, Mapel, Read, and Smith, 1965), which suggests that sufficient 
time for partial lithification of the quartzite elapsed before deposition of the 
overlying strata; and (6) the occurrence of a distinct iron-oxide-weathering 
zone at the top of the Kinnikinic Formation in most stratigraphic sections. 
The above data suggest a cessation in deposition, perhaps accompanied 
by erosion, between the times of deposition of the Kinnikinic Formation and 
the Lost River Member of the Fish Haven Dolomite. Although the Lost River 
Member is continuous in the Lost River and Lemhi ranges, the absence of 
strata resembling the Lost River Member in southeastern Idaho and northern 
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Utah, between massive dolomites of the Fish Haven Dolomite and quartzites 
of the upper member of the Swan Peak Formation, can be accounted for by 
nondcposition, post-depositional erosion, or by laterial facies change. 
Field Description of Stratigraphy 
Introduction 
In the Lower Paleozoic section of central Idaho, the Kinnikinic 
Formation is a distinctive, well-exposed, nearly white orthoquartzite unit 
in a sequence of purplish to nearly white Precambrian to Cambrian quartzites 
and dark-colored Ordovician, Silurian, and Devonian carbonates (see Plates 2 
and 3). 
Numerous descriptions of the Kinnikinic Formation in central 
Ida ho a nrl southwest e rn Mont.'lna are found in the references listed under 
previous work. The following physical description is based entirely on data 
collected from stratigraphic sections measured for this report, except where 
otherwise noted, and will be discussed under seven general topics: (1) criteria 
for determining upper and lower contacts; (2) lithology and grain size; (3) lat-
eral variations in thickness; (4) unweathered and weathered colors; (5) bed-
ding; (6) laminae; and (7) biogenic sedimentary structures. 
Criteria for determining upper and 
lower contacts 
The contact of the Kinnikinic Formation and the overlying Fish 
Haven Dolomite is placed at the base of the first carbonate, calcareous 
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sh..'lle, or sandstone above light-colored, largely structureless orthoquartzite. 
Exceptions to this occur only at Kinnikinic Reference Sections 1 and 2 (Sec-
tions 18 and 19), where very thin bedded shale occurs throughout the unit but 
is most abundant near the middle of each section. At these two sections the 
upper contact was placed at the highest occurrence of light-colored ortho-
quartzite beneath fossiliferous carbonate and calcareous shale of the Saturday 
Mountain Formation. 
The basal contact of the Kinnikinic Formation is placed at the high-
est occurrence of dolomite or dolomitic sandstone (Ella Dolomite or Unit 5) 
below largely structureless, light--colored orthoquartzite. ·Where carbonates 
are absent (Sections 4, 7, 9, 13, 14, 15, and 16) Precambrian quartzites 
were differentiated from the Kinnikinic Formation on the basis of angular 
discordance, generally darker, purplish weathered color, generally coarser 
grain sizes, and relatively more abundant visible sedimentary structures; 
and Cambrian quartzites were differentiated from the Kinnikinic Formation 
on the basis of interbedded argillite, generally pinkish weathered color, 
generally coarser grain sizes, relatively more abundant visible sediment-
ary structures, and a distinct slope break near the contact (ill Appendix F 
for general differences in grain sizes and weathering characteristics). Use 
of only one of the above criteria is not sufficient to justify placement of the 
basal contact; however, use of several of these general criteria in combina-
tion leads to unequivocal contact placement in each of the sections measured. 
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Lithology and grain size 
Although the vast majority of the Kinnikinic Formation throughout 
tht' study area is orthoquartzitC', there are local c>xposures of shale nnd 
sandstones cemented by ankcrite (ferroan-dolomite) and dolomite. The 
shales are present only in Kinnikinic Creek Reference Sections 1 and 2 
(Sections 18 and 19), as partings and very thin beds, generally associated 
with thin- to very thin-bedded orthoquartzite, and primarily near the middle 
of the sections. Probably these shale distributions are associated with 
lower-energy conditions of deposition, possibly in deeper water, which per-
mitted finer-grained material to settle out of suspension. These shales 
may represent a distal tongue of the Phi Kappa Formation, t.o be discussed 
later. Generally the shales are noncalcareous. 
Discountinuous zones of ankerite-cemented and dolomite-cemented 
sandstone beds are intercalcated with orthoquartzite beds. At the Mormon 
Gulch Section (Section 4) ankerite and dolomite cementation locally cuts 
across bedding, evidence of replacement relationships between orthoquartzite 
cemented with secondary silica and sandst.one cemented with ankerite ar1d/or 
dolomite. 
Siever (1959, p. 65) reported the following sequence of cement re-
placement in sandstones of Pennsylvanian age (first t.o last): (1) secondary 
quartz (2) calcite; (3) dolomite and siderite; (4) barite and celestite ; 
(5) chert; and (6) iron oxides. Siever believed the carbonates can be co-
precipitated, whereas the iron-oxides are definitely later in occurrence, 
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associated with near-surface weathering. The following sequence of events 
may have occurred in the ankcrite-bearing zones of the Kinnikinic Formation: 
( 1) the formation of silica-overgrowth cement by pressure solution; (2) local 
introduction of pore fluids rich in calcium carbonate; (3) introduction of 
magnesium-rich pore fluids that altered calcite to dolomite; (4) migration 
of iron into the lattice structure of dolomite, altering the dolomite to anker-
ite; and (5) leaching of iron from the ankerite lattice to form hematite. 
Events 2 and 3 possibly were simultaneous, especially if pore waters rich in 
both calcium and magnesium carbonate were introduced into the post-de-
positional setting. Events 3 and 4 also may have occurred essentially simul-
taneously. Ruppel (1968) in the Leadore Hills (Leadore quadrangle) also re-
ported local occurrences of irregular lenses of sandstone with ankerite 
(fc>rroan-dolomite) cement (se(' Section 14). 
The general grain size observed in the field, exclusive of shales, 
ranges from very fine to coarse sand (Wentworth, 1922), although generally 
it is predominantly fine to medium sand. In any given stratigraphic section 
the mean grain size fluctuates; however, no overall vertical trends were 
deteded. Although generally observable with a hand lens, individual grains 
may he indistinguishable in the field due to diagenetic alterations. 
Lateral variations in thickness 
The Kinnikinic Formation varies in thickness from a minimum of 
326 feet at Arco Hills (Section 1) in the Lost River Range to a maximum of 
2285 feet at Meadow Lake (Section 13) in the Lemhi Range (~ Figs. 10 and 
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14). To the east in the Beaverhead and Tendoy ranges, with the possible excep-
tions of Sections 9 and 15, the Kinnikinic Formation is encountered only as iso-
lated erosional remnants of strata that at one time occupied a much more ex-
tensive arC'a (Scholten, 1950, pp. 70-75; Churkin, 1961). The idea of a 
much more extensive depositional basin in central Idaho and southwestern 
Montana during Middle Ordovician time was advanced as early as 1950 by 
Scholten, and it has been generally accepted by other workers in the area 
(Scholten, Keenmon, and Kupsch, 1955; Churkin, 1962; Hait, 1965). West 
of the Beaverhead Range, variations in the thickness of the Kinnikinic Forma-
tion may result from four depositional and/or post-depositional factors, or a 
combination thereof: (1) differential depositional rates within the basin of de-
position : (2) pre-Fish Haven differential erosion; (3) differential translations 
of portion s of the Central Idaho Basin due to thrust faulting; and (4) obscure 
low-angle thrust faulting. 
Thinning of the Kinnikinic Formation toward the Kinnikinic Creek 
reference sections possibly resulted from slower rates of deposition, perhaps 
in deeper, but more slowly subsiding portions of the basin, or from slight de-
position related to strong currents, possibly tidally dominated, sweeping sedi-
ments from the area, which results in minor net sediment accumulation. The 
latter of the above two proposals seems less likely , in light of the presence 
of local shale interbeds and overall finer grain size suggesting quieter water, 
lower energy deposition, as opposed to dune-structure-dominated orthoquartzites 
of the Kinnikinic Formation to the east. 
Qu:i.rtzitcs in the lower thrust plate of the Phi Kappa Formation 
(Section 20) are unlike those of the Kinnikinic Formation, and probably 
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formed under rather different conditions. Therefore, zero thickness of the 
Kinnikinic Formation should occur north and east of this location, and probably 
represents a lateral facies change. The presence of a thrust fault at the base 
of the Phi Kappa Formation, however, makes the original location of Section 
20 relative to Sections 1-19 uncertain. 
Broad, gentle upwarping or differential subsidence, accompanied 
by erosion, possibly accounts for the general north-to-south thinning of the 
Kinnikinic Formation in the Lemhi Range; however, any such erosion must 
have occurred prior to deposition of the late Middle Ordovician-Late Ordo-
vician Fish Haven Dolomite, because throughout the southern and central 
Lemhi and Lost River ranges the Kinnikinic Formation is overlain by the 
Fish Haven Dolomite . Although there is conclusive evidence for some erosion 
prior to deposition of the Fish Haven Dolomite, it is unlikely that the thickness 
trends can be accounted for in this manner. 
Large differences in thickness are found in stratigraphic sections 
in close proximity, on opposite sides of thrust faults (Sections 2 and 3; 5 and 
7; 12 and 13). Such differences probably result in part from differential trans-
lations on Laramide thrust faults rather than to significantly different rates of 
sedimentation at the time of deposition. The potential effects of differential 
movements of individual thrust masses on the original basin configuration 
should not be over-looked. However, lateral changes in thickness within the 
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same thrust sheets can also be large, and configurations of contours within 
individual thrust plates indicate that the basin shape possibly has not been 
badly distorted by thrust faulting (sec Fig. 10), 
Mapel and Sandberg (1968) concluded that thinning and thickening of 
Devonian and pre-De"\lonian strata in the southern Lost River and Lemhi 
ranges may be due to obscure, low-angle faulting not presently mapped. Al-
though possible, this interpretation for thickness variations in the Kinnikinic 
Formation is unlikely, in view of the systematic changes in thickness of the 
Kinnikinic Formation observed within each major thrust sheet at the closely 
spaced stratigraphic sections measured for this report (Sections 1-5). 
General depositional and post-depositional events possibly affecting 
the configuration and thickness of Middle Ordovician deposits in the Central 
Idaho Basin may be summarized as follows: (1) at the time of deposition of 
the Kinnikinic Formation the basin of deposition probably was much more ex-
tensive, and covered large areas of southwestern Montana as well as central 
Idaho; (2) slower rates of sedimentation in the quieter (deeper?) portions 
of the basin in the west, and along the basin margin(?) in the south, probably 
accounts for much of the thinning of the Kinnikinic Formation toward the west 
and south, respectively; (3) nondeposition and/or erosion between deposition 
of the Kinnikinic Formation and the Fish Haven Dolomite; (4) post-Kinnikinic, 
Late Ordovician carbonate deposi ti.on covered and protected the Kinnikinic 
Formation from later erosion west of the Beaverhead Range; (5) pre-Jefferson 
uplift and differential erosion nearly completely removed Kinnikinic strata in 
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much of the area east of the Lemhi Range (Tendoy Disturbance of Scholten, 
1957); and (6) Laramide lateral movements along thrust faults, that locally 
mny have nltered significantly the Middle Ordovician configuration of the 
Central Idaho Basin. 
Unweathered and weathered colors 
Although the Kinnikinic Formation exhibits a fairly uniform light 
gray to white color, both unweathered and weathered, numerous exceptions 
occur locally, especially in the weathered colors (see Appendix F). In 
Appendix F, the first two or three colors listed for a i:nrticular unit in a 
stratigraphic section arC' the major colors present, whereas the remaining 
colors listed usually ran~e from minor to only a trace. The colors used in 
sample descriptions follow terminology in the Rock Color Chart distributed 
by the Geological Society of America (Goddard, 1963). 
Unweathered colors of orthoquartzite in the Kinnikinic Formation 
are generally very light gray to white, although shades of yellowish brown, 
yellowish gray, and pinkish gray may be dominant locally. In the two 
Kinnikinic Creek reference sections (Sections 18 and 19) light gray to medium 
dark gray is common to dominant. Sandstone in the Kinnikinic Formation 
tends toward yellowish brown. Shales in the Kinnikinic Creek reference 
sections range from shades of gray to moderate yellowish brown. 
Although weathered colors of orthoquartzite in the Kinnikinic For-
mation are generally very light gray to white, yellowish brown, light brown, 
moderate brown, reddish brown, and olive gray are much more in evidence 
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than in the unweathered condition. The brownish, yellowish, and reddish 
colors are generally the result of iron-oxide staining during weathering. 
Sandstones tend town rd yellowish brown, and shales, toward shades of brown 
and gray. 
Bedding 
Although individual bed thicknesses in orthoquartzite and sandstone 
of the Kinnikinic Formation may range from 0. 1 to 2. 4 feet, most bed thick-
nesses fall between 0. 3 and 1. 0 foot. The mean bed thickness, based on 942 
measurements, is 0. 7 foot. An anomalously low mean bed thickness of 0. 4 
foot (n=25) for the Kinnikinic Creek area possibly suggests a slower rate of 
deposition and/ or a lower-energy current regime present in this particular 
portion of the depositional basin. Hobbs, Hays, and Ross (1968, p. JlO), 
however, reported medium to thick bedding in their lithologic description of 
the redefined Kinnikinic Formation in the same general area. The author, 
however, included very thin beds of orthoquartzite, associated with the shale 
zones, in determining mean bed thickness for the Kinnikinic Creek reference 
sections. Another possible reason for this discrepancy is that the low num-
ber of measurements taken may not represent the true population of beds at 
that locality. Based on the above data, the majority of Kinnikinic Formation 
is medium bedded (see Fig. 7), but thin beds and very thin and thick beds also 
occur. 
Although most bedding planes are essentially parallel, both wavy 
parallel and nonparallel bedding (Section 7) are present: locally. 
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Post-depositional alterations at some stratigraphic sections have rendered 
bedding indistinct to indeterminable. 
L'lminae 
General statement. Laminae and bedding are terms essentially 
divisible either on the basis of thickness criteria alone, or on genetic 
criteria . In distinguishing beds from laminae the author follows Campbell 
(1967, p. 19), with some adaptations (see Fig. 7). When "parallel" and "non-
parallel" are used without the descriptive modifers (even, wavy, and curved), 
"even" is understood. 
The author departs from the descriptive terminology of Campbell 
(1967) concerning nonparallel relationships. Where possible, nonparallel 
laminae are described according to the cross-stratification classification 
of Allen (1963) with some modifications by Crook (1965). Allen (1965), and 
Conybeare and Crook (1968). Therefore, primary (mechanical) internal 
stratification will be discussed under three general topics: (1) massive 
(structureless); (2) parallel laminae; and (3) cross-laminae (nonparallel). 
Massive (structureless} beds. Massive beds occur locally in the 
Kinnikinic Formation. Such bedding has at least three different origins: 
(1) extensive bioturbation, essentially penecontemporaneous with deposition; 
(2) poor preservation caused by diagenesis; and/or (3) absence of original 
internal stratification. In beds that actually lack initial internal stratifica-
tion, Blatt, Middleton, and Murray (1972, p. 120) suggested the absence 
of a tractional phase during rapid deposition from suspension, or deposition 
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by concentrated sediment dispersions. Hamblin (1965, p. 36) has shown 
that few massive sandstones are actually structureless. The small number 
of trace fossils observed, therefore, suggests that the apparent absence of 
internal stratification in some beds within the Kinnikinic Fo"rmation probably 
results from diagenesis. 
Parallel laminae. Even parallel laminae are the most common 
type of parallel laminae observed in the Kinnikinic Formation. Wavy par-
allel laminae are present locally, and only rarely do curved parallel laminae 
occur. Both continuous and discontinuous types of p:trallel laminae are com-
mon. Whether the discontinuous nature is mechanical, biogenic, or related 
to differential preservation is uncertain in most cases. However, in some 
situations discontinuous laminae are clearly the result of biogenic activity 
at the time of deposition or penecontemporaneous with deposition. Thin 
laminae predominate, but locally very thin laminae and, rarely, medium 
laminae occur . 
Cross-laminae. Following McKee and Weir (1953), the majority 
of cross-laminae observed in the Kinnikinic Formation are best classified 
as planar cross - stratification, although simple and trough cross-strati-
fication are present locally. Because further descriptive classification 
and genetic implications were desired, the classification of Allen (1963) was 
used by the author in field descriptions of cross-stratification. Because 
certain types of Allen's cross-strata are very similar, occasionally it was 
only reasonable to classify a particular set of cross-laminae into one of 
Allen's three categories, instead of a particular type within a category. 
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Generally most cross-strata in the Kinnikinic Formation are grouped, 
large-scale (mean set thickness, 0. 85 foot), erosional or nonerosional, irreg-
ular or planar, and homogeneous. The particular type of cross-strata observed 
are: ( l) omikron-typC' (group III); (2) alpha-type, beta-type, or gamma-type 
(group I); and rarely (3) pi-type (group III). Omikron-type cross-strata 
form more than 75 percent of the cross-strata observed. They are grouped, 
large-scale, illustrate essentially planar erosional surfaces at the base of 
each set, and are homogeneous. Alpha-, beta-, and/or gamma-type cross-
strata are solitary, large-scale, lithologically homogenous, and are dis-
tinguished from one another by their relationship to the lower bounding sur-
face. A non-erosional planar base is characteristic of individual sets of 
alpha-type cross-strata, whereas beta-type cross-strata exhibit planar 
erosional surfaces at the base of each set. Gamma-type cross-strata are 
bounded at the base of each set by an irregular erosional surface. 
According to Allen (1963), alpha-, beta-, and gamma-type cross-
stratification (marine situation) are probably slip-off faces, resulting from 
the underwater migration of curving or linear fronts of solitary structures, 
whereas omikron- and pi-type cross-strata probably result from the mi-
gration of trains of asymmetric megaripples (underwater dunes). Conybeare 
and Crook (1968, pp. 120-125) illustrated omikron-type cross-strata ob-
served in numerous point-bar deposits (fluvial). The Kinnikinic Formation 
is definitely marine in origin; therefore, the author concludes that, although 
omikron-type cross-strata are common in fluvial environments, analogous 
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hydrodynamic conditions must also be present in particular marine environ-
ment(s), or different hydrodynamic conditions with the same end morphologic 
prorluct :1 r<' at work. 
The author considers the vast majority of cross-laminae observed in 
the Kinnikinic Formation are the results of the migration of underwater dunes. 
The virtual absence of small-scale and medium-scale ripples in the Kinnikinic 
Formation is significant in that hydrodynamic conditions favorable to ripple 
formation must not have been common during deposition of the Kinnikinic 
in central Idaho. The vast majority of dips of cross-laminae in the Kinnikinic 
. 0 0 . Formation exceed 10 and even rarely exceed 35 , the approx1mat.e angle of 
repose of sand in water. The significance of the rare high readings is uncer-
tain, although possibly they are due to post-depositional deformation. 
Following the classification of Ingram (1954) for cross-laminae on 
the basis of maximum dip, almost all cross-laminae in the Kinnikinic For-
mation are either medium or high angle (low-angle ,d0°; medium-angle, 
10° -20°; high-angle,> 20°). 
Biog-enic sedimentary structures 
Disregarding a few occurrences of poorly preserved, indistinct, 
burrow-like structures, the only definite burrows observed in the Kinnikinic 
Formation are simple, vertical protection burrows (absent to locally abundant), 
probably charact.eristic of medium- to high-energy conditions. These burrows 
most nearly resemble Skolithos. Skolithos also has been reported from the 
Swan Peak Formation and the Eureka Quartzite of Utah and southeastern Idaho 
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by Francis (1972, p. 42) and Schulingkamp (1972, p. 16), and from the Eureka 
Quartzite in California by R. J. Ross, Jr. (1964b, p. 32). 
Besides these Skolithos-like burrows, numerous weathering(?) pits 
(~ Plate 10) are found throughout the Kinnikinic Formation. These pits 
may reflect differential weathering of portions of the original sediment 
differentially cemented by ankerite or dolomite possibly due to organic 
activity or perhaps as the result merely of inorganic cementation. These 
pits are spherical, 0. 01 to 2. 50 inches in diameter, and occur at all positions 
within and at surfaces of beds. The suggestion that these weathering(?) pits 
are related to organic activity is further enhanced by their tendency to occur 
in definite zones . Weathering(?) pits are especially well developed in the 
Arco Hills (Section 1); Hawley Mountain (Section 7), and near the top of the 
::.tratigraphic section a t Italian Canyon (Section 9); their tendency to occur 
in definite zones is well dis played at Meadow Lake (Section 13). 
Petrography of the Kinnikinic Formation 
General statement 
The Kinnikinic Formation is a fine- to medium-grained orthoquartz-
i te cemented with secondary silica overgrowths. Feldspar, chert and carbon-
ate grains are not present, arid porosity is essentially nonexistant. Data for 
determining the inclusive graphic mean (Mz 1), McCammon, 1962, p. 461); 
Mz 2' Folk and Ward, 1957, 1. 12), the inclusive graphic standard deviation 
(0 1, Folk and Ward, 1957, pp. 13-14), and the inclusive graphic skewness 
(SkI' Folk and Ward, pp. 13-14) were derived from cumulative-frequency 
probability curves (Friedman, 1958) for each thin section (Appendix D). 
Grain size' 
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Grain size in the Kinnikinic Formation ranges from +5. 64 phi (0. 02 
mm) to +0. 48 phi (0. 72 mm). The mean grain size (inclusive graphic mean 
or phi mean) for each thin section point counted was calculated following 
McCammon's (1962) inclusive graphic mean formula (Mz 1= (65 + ,015 + 625 
+ 635 + 645 + 655 + 665 + 675 + 685 + ,095)/10) and Folk and Ward's (1957) 
inclusive graphic mean formula (M = (616 + ,050 + ,084)/3). The purpose 
z2 
for computing both M 1 and M 2 was to observe if significant differences exist z z 
in the calculated means, due to efficiencies associated with the formula used 
in the calculation. McCammon (1962, p. 461) calculated Mz 1 to be 97 percent 
efficient and Mz 2 to be 88 percent efficient. However, only slight differences 
in means calculated by each method are apparent (Appendix E, Table 1). 
Mean grain size (Mzl) for individual thin sections varied as follows: 
(1) at Black Canyon-Middle Canyon (Section 2), from +2. 40 phi (0. 187 mm) 
to +1. 75 phi (0. 298 mm), with a mean for five thin sections of +2. 15 phi 
(0. 225 mm); (2) at Meadow Lake (Section 13), from +2. 32 phi (0. 200 mm) 
to +1. 77 phi (0. 292 mm), with a mean for six thin sections of +2. 08 phi (0. 232 
mm); and (3) at Kinnikinic Creek Reference Section 1 the mean for the one 
thin section is +2. 98 phi (0. 126 mm). The mean grain size for all thin 
sections point counted is +2. 18 phi (0. 220 mm), determined separately for 
both M 1 and M . Therefore, the mean grain size for 12 thin sections falls z z2 
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in the range of fine sand (Wentworth, 1922), but the mean grain size for in-
dividual thin sections varies from the finer fraction of fine sand (thin section L) 
into medium sand (thin sections C, E, F, and I). 
Care should be exercised in discerning true conglomeratic beds 
in the Kinnikinic Formation from conglomerate-like beds resulting from 
tectonic brecciation ( "autobrecciation "). Since tectonic brecciation is com-
mon locally in some stratigraphic sections, close scrutiny should be exercised 
both in the field and in thin-section analysis to distinguish depositional regimes 
from post-depositional tectonic formation. When this is accomplished, it be-
comes evident that most of the conglomerate-like beds in the Kinnikinic Forma-
tion ~re the result of tectonic brecciation. There are possible exceptions to 
this at Meadow Lake (Section 13), where two thin zones exist of rounded, 
pebble-sized clasts and in the Leadore Hills (Section 14) were Ruppel (1968) 
reported a possible basal conglomerate in the Kinnikinic Formation. 
Sorting and skewness 
Sorting (inclusive graphic standard deviation) and skewness (inclusive 
graphic skewness) follow Folk and Ward (1957, pp. 12-14), wherein 0( 
(L084 -,016]/4) + ((,095 -,05)/6.6) forsortingand Sk( (( ,016 +,084 
2,050)/2 ,084 - ,016 ) + {( ,05 + ,095 - 2,050)/2 ,095 - ,05 )) for skewness. 
Verbal descriptive terminology applicable to value intervals for sorting and 
skewness follows Royse (1970, p. 54). 
Sorting (phi units) in the Kinnikinic Formation ranges from 0. 386 (well 
sorted) to 0. 877 (moderately sorted), with a mean index of 0. 601 (moderately 
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sorted). Skewness, the symmetry of the frequency distribution (Sk1 =O. 00 for 
completely symmetrical distributions), varies from -0. 270 (negative skewed) 
to +O. 487 (very positive skewed) with an average of all thin section data of 
+O. 087 (nearly symmetrical). Inman and Chamberlin (1955) and Folk and Ward 
(1957), by plotting skewness against mean size, determined that strongly 
skewed samples were generally associated with zones characterized by en-
vironmental mixing, where two or more separate populations are involved. 
Thin sections A, C, G, I, J, and Kare positive or very positive skewed, 
whereas thin sections D and Hare negative skewed. Only thin sections B, 
E, and F are essentially symmetrical. 
Rounding and shape 
Although diagenetic alterations (secondary silica overgrowths in 
optical continuity, metamorphic recrystallization, interpenetration of 
individual grains) have destroyed some grain boundaries, careful examina-
tion, especially in reflected light, reveals a majority of the original grain 
boundaries are still visible. Following the roundness scale of Powers (1953), 
observation of 1884 grains produced an average of 27 percent well rounded, 
61 percent rounded, 11 percent subrounded, and less than 1 percent subangular 
to very angular. However, the rounding characteristics observed in thin sec-
tion may be biased slightly toward the more rounded grains, because some 
subangular to very angular grain boundaries may have been mistaken for 
serrate intergrowths (angular interlocking boundaries due to pressure solu-
tion and recrystallization), and hence ignored. However, examination in 
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reflected light revealed almost exclusively subrounded to well rounded grains. 
If the subanf{Ular to very angular shapes are present, they are probably in 
quantities of kss than fi vo percent. 
The problem of determining grain shape in thin section is analogous 
to determining a three-dimensional property from two-dimensional data. 
Comparison of the minimum and maximum diameters of 2400 grains in thin 
section revealed 28 percent equant, 66 percent subequant, and 6 percent bladed. 
Because of the lack of a visible third dimension, it is obvious the percentage 
of bladed grains should increase at the expense of the subequant and equant 
categories. However, if it can be assumed that mature (subrounded to well 
rounded) quartz grains, which lack cleavage, should also have a low index 
of elongation (shape), then the above percentages may be reasonably accurate. 
Lateral and vertical variations in grain size 
The only significant lateral trends in mean grain size in the Kinnikinic 
Formation is a general westward fining. Data, based on one point-counted 
thin section and four closely observed thin sections from Kinnikinic Creek 
Reference Section 1, indicate a nearly symmetrical, moderately sorted, very 
fine- to fine-grained (Mz1= +2.98 phi) original sand (see Appendix E, Table 1), 
whereas data from the Lemhi Range (Black Canyon-Middle Canyon and Meadow 
Lake) indicate a variably skewed, well to moderately sorted, fine-to medium-
grained (Mz 1= +2. 11 phi) original sand. A slightdecreaBe in mean grain size 
from north (+2. 08 phi) to south (+2. 15 phi) and a slight increase in the degree 
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of sorting from south (0. 650) to north (0. 569) in the Lemhi Range also occur, but 
these are so small that it is difficult to determine if these differences are due to 
actual lateral variations, vertical energy fluctuations, post-depositional altera-
tions, or sampling error. 
Where detailed thin-section data are available, vertically within a 
particular stratigr aphic section, there appear to be no visible trends, such as 
over-all regressive coarsening upward or transgressive fining. Energy re-
gimes were consistently high, but probably quite variable during deposition 
of the Kinnikinic Formation, so that numerous minor transgressive and regres-
sive events may have occurred during deposition, but are not readily recog-
nized in the field or from petrographic examination of thin sections. It is, of 
course, impossible at present to state definitely whether variations are the 
result of tectonic activity and/or world-wide eustatic variations. 
Cumulative-frequency probability curves 
Introduction. The use of grain size and grain-size distributions in 
describing sediment characteristics and aiding in the identification of sedi-
mentary environments has been considered in numerous publications (Doeglas, 
1946; Inman, 1949 ; Pettijohn, 1957; Einstein, 1950; Einstein and Barbarossa, 
1952; Chien, 1956; Brooks, 1958; Fuller, 1961; Moss, 1962, 1963; Spencer, 
1963; G.S. Visher, 1965, 1967, 1969). 
General curve characteristics and limitations. G. S. Visher (1969), 
relating grain-size distributions to depositional processes, considered straight-
line curve segments (log-normal distributions) in the over-all 
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cumulative-frequency probability curve to represent separate grain popula-
tions. He believed that these log-normal segments of each curve represent 
populations characteristic of "traction" transport, "saltation "transport, and 
"suspension" transport. 
It has been well substantiated that the first major slope break in the 
cumulative-frequenc y probability curve: (1) commonly occurs near +2. 0 phi, 
(2) is concave-up, (3) represents the change from predominantly traction 
transport to predominantly "salta tion" transport (saltation plus inertial sus-
pension), and (4) roughly corresponds to the midpoint of the transition between 
Rubey's Impact Law and Stokes' Law of particle settling (Fuller, 1961, p. 260). 
The second major slorx' brl"ak, convex-up, separates transportation by salta-
tion :1.nd inertial suspension from transportation by viscous suspension, and 
occurs approximately at +3. 3 to +3. 8 phi, near the sand-silt boundary, approxi -
mat.ely the upper limit for Stokes' Law. Positions of the two principal breaks 
are slightly variable, in that both depend on such factors as current velocities, 
flow separation, flow regime, velocity gradients, grain shapes and desnities, 
and fluid density. 
G. S. Visher (1969) analyzed these principles of grain-behavioral 
characteristics for curves of numerous size analyses of flu vial, backshore, 
intertidal, and offshore-marine sediments. For each environment, he 
developed general empirical characteristics, including sorting, coarse 
truncation inflection point, fine truncation inflection point, evidence of 
mixing, and percent of traction, "saltation," and "suspension" populations. 
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However, care must be employed in using these empirical criteria. G. S. 
Visher (1969, p. 1103) stated, "The characteristics indicate certain general 
hypothPses concerning c:iusC' and effect relationships between sedimentary 
processes and textural responses ... they are only empirical and are not 
based upon quantitative hydraulic studies." 
In addition to the variability encountered in, and incompleteness of 
studies of, modern environments, the extrapolation of Visher's criteria to 
ancient lithologies also must consider post-depositio nal events that may have 
altered the original sediment. As G. S. Visher (1969, p. 1102) pointed out, 
burrowing and secondary processes can produce curve shapes which may lead 
the investigator to erroneous conclusions. For example, preferential dif-
ferential solution of grains smaller than +4. 0 phi (predom inantly viscous-sus -
pension transportation) by pressure solution could have significantly altered 
or completely removed all evidence of that population from some or all of the 
cumulative-frequency distributions. 
With the above problems in mind the cumulative-frequency proba-
bility curves for thin-section data from the Kinnikinic Formation are analyzed 
below. 
Curve analysis. The twelve cumulative-frequency probability curves 
(Appendix D) can be classified into three primary curve types. The Type I 
curve is basically a three-part curve (three log-normal populations) illustrated 
by thin sections A, C, E, an d J. The concave-up slope break between pre-
dominantl y traction transport and saltation plus inertial-suspension ("saltation" 
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of visher) transport in the Type I curve occurs at approximately +1. 1 phi to 
+1. 8 phi. The traction population accounts for between 3 percent and 15 per-
cC'nt by weight of the tot;il diRtribution. The second, convex-up, slope break 
is subtle, and occurs between +1,8 phi and +2. 0 phi; it possibly is related to 
the change from saltationand inertial-suspension transport to predominantly 
inertial-suspension transport. This portion of the curve possibly represents 
a second "saltation" population, in the terminology of Visher (1969), with the 
"suspension" population (viscous suspension) greatly reduced or possibly ab-
sent. Weight percent of the "saltation" population below the convex-up inflec-
tion ranges from 34 percent to 84 percent by weight, and that above the inflec-
tion from 15 per cent to 50 percent by weight. Apparently from 0 to 5 percent 
of the total was contributed by viscous-suspension transport. The apparent 
low p<'rcentage to absence of the viscous- s uspension population could be due 
to depositional mechanics, organic activity, and/or post-depositional removal 
through pressure solution. 
The Type II curve is basically also a three-part curve (three log-
normal populations) illustrated by thin sections B. D. F. G. and H (Appendix 
E), in which a generally subtle convex-up slope break is followed by a con-
cave-up slope break. Traction populations are apparently not present. The 
convex-up slope break occurs between +1. 1 phi and +l. 6 phi. Portions of the 
distribution below this inflection comprise 18 percent to 30 percent of the 
total, by weight. The second, concave-up, slope break occurs between +l. 8 
phi and +3. 1 phi, and probably represents a break between second and third 
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''saltation" populations or mixtures of different laminae. Portions of the curves 
between the two slope breaks account for 23 percent to 58 percent by weight 
of the total distribution, whereas those above the second inflection comprise 
betwc-en 20 percent and 56 percent. A third slope break, convex-up, occurs 
at +3. 7 phi in both Band D, near 96 percent in both cases, and is believed 
to represent the break between inertial-suspension populations and a viscous-
suspension population. Curves D. F. and G exhibit additional subtle concave-
up slope breaks between cumulative weights of 90 percent and 95 percent. 
Only 4 percent or less is accounted for by the viscous-suspension load. 
The Type ill curve (three-four? log-normal populations) illustrated 
by thin sections I and K is nearly uniformly curving, although a very subtle 
concave-up slope break occurs between +1. 5 and +1. 7 phi, and is followed by 
subtle convex-up slope breaks from + 1. 9 to +2. 1 phi and from +2. 6 to +2. 7 
phi, respectively. Placement of precise major slope breaks is more ambiguous 
for the Type III curve than in the case of the Type I and Type II curves, and 
is probably related to a higher degree of population mixing. Transportation 
was predominantly by "saltation" (inertial suspension plus saltation) with two 
or more "saltation" populations present. Traction and viscous-suspension 
transportation apparently are absent. 
On the basis of field evidence, the portion of the depositional basin 
from where thin section L was taken represents significantly different energy 
conditions than the more eastern portion of the basin (Black Canyon-Middle 
Canyon and Meadow Lake). Because of its singificantly finer grain size, 
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thin section L will be discussed separately. Thin section L yields a modified 
Type III curve with a traction population coarser than + 1. 9 phi representing 
less than 3 percent by w£'ight of the total distribution. A "saltation" population 
that is log-normal, comprises at lf'ast 83 percent of the distribution, and appears 
to exhibit an upper truncation point at approximately +3. 5 phi. A possible sec-
ond "saltation" population or a diagenetically-modified viscous-suspension 
population occurs between +3. 5 phi and +4. 4 phi, and represents 10 to 12 per-
cent by weight of the total distribution. A viscous -suspension population 
occurs in the size-fraction smaller than +4. 25 phi, and represents less than 
4 percent of the total distribution, by weight. 
Type I curves are unimodal or exhibit too closely spaced major 
modes, and are predominantly fine skewed. Type II curves are character-
istically polymodals and Type III curves are unimodal or have closely spaced 
major modes, with both fine and coarse tails . Sorting is somewhat variable 
in both Type I and Type II curves, although individual transport populations 
usually exhibit good sorting with minor to moderate mixing near population 
truncation points. 
Curve configuration relationships. The relationships between Types 
I, II, and III curves are complex and difficult to ascribe to any one independent 
process. The following is a list of possibilities to account for individual curve 
configurations and differences between curve types: 
(1) In the Type I curve, virtual absence of particles transported by 
viscous suspension, the presence of a minor traction population, and two 
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distinct "saltation" populations, the predominance of underwater dune struc-
tures and parallel laminae, and the virtual absence of small-scale and medium-
scale ripples, all suggest: (a) upper portion of the lower flow regime; (b) nearly 
constant agitation and shifting of sediments, even if deposition was not occurring, 
or variable current velocities with rapid transitions from low to high and high 
to low, so that few ripples formed; (c) absence or near-absence of fines 
(either provenance or transport mechanism or both); (d) post-depositional 
alterations. 
(2) The Kinnikinic Formation may be composed of sediments de-
posited in several elastic environments, thus, curve differences may be en-
vironmental. 
(3) Change from a generally unidirectional current (single "sal-
tation" population) to generally two current directions (two or more "sal-
tation" populations) similar to swash and backwash on the foreshore of a 
beach (G. S. Visher, 1969, p. 1083) or areas influenced by reversing tidal 
currents, may be responsible for some thin sections illustrating two "sal-
tation" populations and other thin sections illustrating three or more "sal-
tation '' populations. 
(4) Mixing of two or more traction, "saltation, "and "suspension" 
populations, deposited in close proximity to each other during different cur-
rent regimes, may account for some variations in individual thin sections. 
Orientation of thin sections perpendicular to bedding may also be important. 
(5) Burrowing effects on sorting and grain size may be locally im-
portant. 
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(6) Thin-section data may not correspond exactly to the true sediment 
distribution, due to the relatively small number of grains analysed and/or the 
lower size-limit threshold imposed by optical limitations of the microscope. 
Grain mineralogy 
Introduction. Except for a few isolated occurrences of grains of 
tourmaline and zircon (less than 10 per thin section) the Kinnikinic Formation 
is almost exclusively composed of quartz grains (99. 5+ percent) cemented by 
secondary silica. The rounding, shape, sorting, mean size, and skewness 
values presented previously, therefore, are essentially those of the quartz 
grains present. Before data concerning individual quartz types in the Kinnikinic 
Formation are discussed, a brief summary pertaining to the kinds and signifi-
cance of different quartz types will be presented. 
Classification of quartz grains. Numerous classifications of quartz 
grains, based on structural descriptions and theoretical analyses, and amend-
ments to those classifications have been presented in the literature (Sorby, 
1877; Van Hise, 1890; Grout, 1932; Krynine, 1940, 1946; Rittenhouse, 1949; 
Siever, 1949; Tuttle, 1952; Siever and Potter, 1956; Pettijohn, 1957; Folk, 1960, 
1968; Hubert, 1960; Blatt and Christie, 1963; Carter, Christie, and Griggs, 1964; 
Ernst and Blatt, 1964; Conolly, 1965; Blatt, 1967a, 1967b). Information pre-
sented in the above publications suggests that for studies of provenance and 
diagenesis, quartz grains are most usefully classified as non-undulatory, un-
dulatory, and polycrystalline. The following is a list of definitions based on 
Blatt and Christie (1963, pp. 564-565) and Conolly (1965, p. 118): 
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(1) Non-undulatory: A quartz grain consisting of a single quartz 
crystal unit that extinguishes completely upon very slight (less than one de-
gree) rotation of the flat microscope stage; no differences of interference 
colors are discernible. 
(2) Undulatory: A quartz grain that exhibits evidence of strain by 
means of variations in extinction position or interference colors. 
(3) Polycrystalline: A quartz grain that consists of two or more 
quartz crystal units of different optical orientations. 
Quartz-type percentages and textural significance. Of the three 
types of quartz, polycrystalline quartz should be the least stable thermo-
dynamically (higher free energy) , whereas non-undulatory quartz should be 
the most stable. Theoretically, then, low percentages of polycrystalline 
quartz and high percentages of non-undulatory quartz in orthoquartzites are 
expected (Blatt and Christie, 1963, p. 571). A study of the total quartz of 
44 sandstones by Blatt and Christie (1963, Fig. 5, p. 571)) showed ortho-
quartzites commonly contained less than 1 percent and generally less than 5 
percent polycrustalline quartz. Of 2400 quartz grains from the Kinnikinic 
Formation, the mean percentages of different quartz types are: non-undula-
tory 15 percent (range, 2-46 percent), undulatory 79 percent (range, 51-90 
percent), and polycrystalline 6 percent (range, 2-10 percent). In those thin 
sections (G, H, I, K, and L) with anomalously high percentages of polycrys-
talline quartz (greater than 5 percent), a small portion of the polycrystalline 
grains could result from confusing intricately interpenetrating quartz grains 
in the smaller size fractions with polycrystalline grains. Nevertheless, 
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the actual percentage of polycrystalline grains probably is higher than normal-
ly expected in orthoquartzit e s. 
The mean percentage (15 percent) of non-undulatory quartz in the 
Kinnikinic Formation is anomalously low. Blatt and Christie (1963, pp. 569-
570) reported a mean percentage of non-undulatory quartz in the total quartz 
of orthoquartzites of 43 .1 percent with a standard deviation of 20. 5 percent 
and a range from 14 percent to 80 per cent. They believed the minute dif-
ferences in relative stabilities is only evident when the sediment is of a 
multi-cycle orgin, such as in the case of most orthoquartzites. Blatt and 
Cristie (1963, pp. 57 2-573) accounted for high percentages of undulatory 
quartz in mature, highly-quartzose sandstone by contamination of mineral-
ogally mature sediments by grains from a local, highly weathered source or 
by post-depositional alter a tions. However, they considered that post-deposi-
tional alterations for production of undulatory quartz were of a local nature, 
and not a widespread phenomena. In a study of the Brymedura Sandstone 
(Upper Devonian) of New South Wales, Conolly (1965) considered post-deposi-
tional stresses brought about by compaction, other diagenetic processes, fold-
ing, and faulting; he related high percentages of undulatory quartz to areas 
of tight folding and proximity to faults. Lowry (1956) reported high percent-
ages of undulatory quartz in folded and highly faulted areas. However, in a 
brief abstract de Anirrudha and Maxwell (1959) attributed post-depositional 
production of undulatory quartz to compaction without major tectonic activity. 
Although close proximity to faults and tight folds facilitates the production of 
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undulatory quartz, minor broad folding, high litostatic pressures, and long 
periods of burial possibly could be equally efficient in the production of un-
dulatory quartz. Further evidence of the occurrence of high percentages of 
undulatory quartz in orthoquartzites is provided by Schulingkamp (1972, p. 78), 
who reported a mean of 61 percent undulatory quartz in the upper member 
(orthoquartzite) of the Swan Peak Form ation and a mean of 70 percent un-
dulatory quartz from the Eureka Quartzite. These percentages were ba sed 
on 24 thin sections from 5 stratigraphic sections. Therefore, high per-
centages of undulatory quartz in Middle Ordovician orthoquartzites of the 
Cordilleran miogeosyncline appear to be widespread, and not restricted to 
local associations with faulitng or complex folding. The large geographic 
distribution of Middle Ordovician Cordilleran miogeosynclinal orthoquartzites 
(Kinnikinic Formation, upper member of the Sw~n Peak Formation, and 
Eureka Quartzite) also precludes contamination from a local, highly 
weathered source, suggest ed by Blatt and Christie (1963, p. 572) as an 
alternative orgin for high pe rcentages of undulatory quartz in orthoquartzites. 
Conolly (1965) illustr a ted an increase in the percentage of undulatory 
quartz with increasing grain size. Because the grain size of the thin sections 
at Black Canyon-Middle Canyon and Meadow Lake are fairly uniform, this 
variable should have only minor influence. It was interesting to note, there-
fore, that the four thin sections with the largest mean grain sizes produced 
percentages of undulatory quartz between 85 percent and 90 percent of the 
total quartz present, whereas the four thin sections with the smallest mean 
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grain sizes produced undulatory quartz percentages between 62 percent and 
86 percent of the total quartz present. Thin section L (Kinnikinic Creek 
Reference Section 1) possesses the smallest mean grain size of any thin 
section observed (Mz 1 = +2. 98 phi) and contains the greatest percentage 
(except for thin section B) of non-undulatory quartz (28 percent). Therefore, 
the preceding general trends tend to support Conolly's predictions. 
Thus, percentages of undulatory quartz are influenced by both grain 
size and tectonic framework. The presence of clay matrix also enters into 
the problem. In order to remove the variables of grain size and relative 
tectonic disturbance, two thin sections within 30 feet stratigraphically at 
the same section were observed. Both had essentially the same grain size, 
but one (thin section L) was cemented with secondary silica and the other 
(unnamed thin section) possessed a major portion of clay minerals, princi-
pally illit e, and was cemented with but minor amounts of seco ndary silica. 
If softer minerals tend to absorb the stresses placed on the sediment by 
post-depositional tectonic and lithostatic pressures, and if the presence of 
undulatory quartz results primarily from post-depositional stresses at this 
site, then a higher percentage of non-undulatory quartz should occur in the 
orthoquartzite with the higher clay content. Observation of both thin sections 
illustrate an increase in non-undulatory quartz from 28 percent in thin sec-
tion L to 59 percent in the orthoquartzite with a high percentage of clay in 
the matrix. Of course many more examples are needed before arriving at 
any definite conclusions, but data from these two thin sections tend to suggest 
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that high clay content may act as an absorbing mechanism for stress and, thus, 
retard the post-depositional production of undulatory quartz. 
Other grain types. The only other grain types occurring in the 
Kinnikinic Formation are light green and olive-green tourmaline and color-
less zircon. They are rounded to well rounded, fine to medium grained, and 
occur in quantities less than 0. 5 percent. Hubert (1962, p. 445) formulated 
a ZTR index (percentage of the combined zircon, tourmaline, and rutile grains 
among all the transparent, non-micaceous, detrital heavy minerals), and 
observed that orthoquartzites produced high ZTR indices (St. Peter Sandstone, 
98 percent; Springer Sandstone, 96 percent; Lamotte Sandstone, 99 percent). 
Observation of the heavy-mineral grain content of the Kinnikinic Formation 
revealed a Z TR index greater than 99 percent. 
Grain inclusions I cem ent, and matrix 
Introduction. Pe rc entages of grain inclusions, cement, and matrix 
(see Appendic C) are brok en down into the following four categories, based 
on total amount of inclusions, cement, and/or matrix in the thin section: 
(1) major (greater than 10 percent); (2) minor (greater than 2 percent, less 
than 10 percent); (3) tr ace (greater than O percent, less than 2 percent); and 
(4) not present. 
I 
Grain inclusions. Four types of grain inclusions are distinguished: 
(1) bubble trains; (2) random bubbles; (3) rutile(?); and (4) tourmaline and/ 
or zircon. The principal grain inclusions are random bubbles, but bubble 
trains ("dust trails '1 do predominate in some thin sections. Both rutile and 
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tourmaline and/ or zircon gene rally occur in trace amounts, but tourmaline 
and / or zircon may occur in minor proportions in some thin sections. Be-
cause of small size, the precise proportions of tourmaline, zircon, and 
rutile were difficult to ascertain with certainty; therefore, the estimates 
given, although reasonably correct, are relative. 
Cement and matrix. The major constituent of the cement-and-
ma trix category in thin sections studied is secondary silica, presumably 
produced primarily by pressure solution, in the form of overgrowths which 
occur in optical continuity with the quartz grains they surround. Iron 
oxides (hematite cement) and clay minerals (illite) are important locally, 
but silica overgrowths predominate. X-ray diffraction of three samples 
reveals illite as the principal clay mineral. Traces of muscovite mica 
were observed in six of the 12 thin sections point-counted. No carbonate 
cement was observed in any thin section studied, although it is well estab-
lished that dolomite a nd ankerite cement minor portions of the Kinnikinic 
Formation locally (Churkin, 1961; Rampsott, 1962; Ruppel, 1968; this 
report). 
Environment of Deposition 
It is often difficult to ascribe any one depositional process or environ-
ment to ancient strata with certainty. The added influence of post-depositional 
alterations of primary structures and sediment characteristics increases the 
problem. With the numerous difficulties in mind, a few general conclusions 
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concerning the depositional environment(s) of the Kinnikinic Formation will 
be attempted. First, the following facts about the Kinnikinic Formation are 
pertinent: 
(1) The Kinnikinic Formation is overlain by widespread, fossilifer-
ous, marine, probably shallow-water carbonates, chiefly dolomite; and under-
lain by dolomites of a probable shallow-water marine orgin. 
(2) The upper and lower contacts of the Kinnikinic Formation are 
sharp, and probably represent disconformable relationships. 
(3) Except for a few shale interbeds in the Bayhorse quadrangle 
(Sections 18 and 19), the Kinnikinic Formation is essentially composed al-
most entirely of quartz gr a ins cemented by silica overgrowths. 
(4) The Kinnikinic Formation is quite uniform and continuous 
throughout central Idaho and extreme southwestern Montana. However, the 
original area of deposit ion probably was even more extensive. Devonian 
erosion has differentiall y removed the Kinnikinic Formation from areas east 
of the Lemhi Range. 
(5) Thin to medium, parallel bedding predominates (mean bed thick-
ness is 0. 7 feet). 
(6) Medium - to high-angle cross-laminae, underwater dune structures, 
suggest medium- to high-energy conditions. In flume experiments such dune 
structures or megaripples form in the upper portion of the lower flow regime. 
Parallel laminae, also abundant, are consistent with moderate- to high-energy 
conditions, in that they can form in the lower portions of the upper flow regime. 
(7) Burrow structures are vertical-protection types (Skolithos), 
and are characteristic of moderate to high energy. 
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(8) Thickness of the Kinnikinic Formation varies considerably within 
a short lateral distance and can be accounted for by proximity to the basin 
depocenter, post-depositional differential erosion, and/or differential move-
ments on thrust faults. Differential subsidence must have occurred during 
deposition, to account for the accumulation locally of more than 2200 feet of 
sediments deposited under high-energy conditions. 
(9) Grains are rounded to well rounded, moderate to well sorted, 
and have a mean size of +2. 18 phi (0. 22 mm). Grain sizes range from 
coarse sand to medium silt. Locally, "autobreccias" of probable tectonic 
origin resemble conglomerates. If depositional conglomerates occur, they 
are very localized. 
(10) Some thin sections illustrate relatively high positive or negative 
skewness, both of which are suggestive of mixing. 
(11) There tends to be a fining of the mean grain size westward from 
the Lemhi Range (Mz 1 = 2. 11 phi) toward the Bayhorse quadrangle (Mzl = 2. 98 phi). 
(12) No vertical trends in grain size are observed. 
(13) Cumulative-frequency probability curves illustrate the pre-
dominance of "saltation" (transitional transport, saltation to inertial suspen-
sion) populations, with only minor traction and viscous-suspension components. 
( 14) Some thin sections exhibit two or more "salta tion" populations. 
(15) Thin sections with bimodal distributions (D, G, and H) are 
suggestive of rapidly fluctuating energy conditions, reworking of deposits 
in close proximity, bioturbation or the intersection of two laminae by the 
thin section. 
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(16) Studies of the upper member of the Swan Peak Formation and 
the Eureka Quartzite reveal characteristics very similar to those of the 
Kinnikinic Formation; thus, it appears Middle Ordovician orthoquartzites 
of the Cordilleran miogeosyncline occupied a continuous, elongate, roughly 
north-south elastic environment of considerable uniformity and extent. 
With these general characteristics in mind, the Kinnikinic Forma-
tion may best be described as an extensive, uniform, moderate- to high-
energy (cxc0pt Sections 18 and 19), quartzose marine deposit. The presence 
of two or more "saltation" populations in some thin sections suggests two-
directional currents similar to the foreshore beach environment (G. S. Visher 
1969, pp. 1080-1083) or a r ea s a ffected by reversing tidal currents. Other 
criteria presented by G. S. Visher (1969, p. 1104) for a beach environment 
(population percentages, popul ating sorting, population mixing, coarse and 
fine truncation points) agree with some of the size-frequency-distribution 
data from the Kinnikinic Formation. However, the uniform, continuous, 
sheetlike geographical occurrence, lack of associated lagoonal and eolian-
dune deposits, presence of predominantly parallel laminae and dune cross -
laminae, and virtual absence of ripples, are not in agreement with this hy-
pothesis. Cross-laminae in the Kinnikinic Formation are almost exclusively 
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medium- to high-angle (greater than 15°), whereas McKee (1957) reported 
0 low-anp;le, long, even surfaces (less than 12 ) as characteristic of cross-
laminae in a beach environment. However, Hoyt (1962) reported cross-
laminae on the foreshore of a beach at Sapelo Island, Georgia, dipping up 
0 
to 30 . The possibility that certain portions of the Kinnikinic Formation 
may be beach deposits can not be ruled out; however, the tremendous uni-
formity in the Kinnikinic Formation suggests a more stable, widespread en-
vironment of deposition than is generally associated with strand deposits. 
The most probable environment of deposition is a subtidal shallow-
marinP shelf entirely above effective wave base. A shallow-shelfal depositional 
environment is more stable and more likely to receive a uniform distribution 
of sediments over exceedingly large areas. Portions of the Kinnikinic domi-
nated by dune structures may reflect shallower water and higher energy con-
ditions than zones in the Kinnikinic Formation predominated by parallel laminae, 
although parallel laminae can form under higher conditions than dune structures. 
The westward thinning and reduction in grain size of the Kinnikinic Formation 
possibly can be accounted for by slower deposition in deeper water on the 
outer shelf. 
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SWAN PEAK FORMATION AND EUREKA QUARTZITE 
Previous Work 
The Swan Peak Formation and the Eureka Quartzite have been described 
or mentioned in numerous mapping theses and publications (Fig~ 4; F.C. 
Armstrong, 1969; Beus, 1958, 1968; Coulter, 1955, 1956; Francis, 1972; 
Galloway, 1970; Hague , 1883 ; Hardy, 1956; Hintze, 1951, 1954, 1959, 1960a, 
1960b, 1963b; Keller, 1963; Ketner, 1966, 1968; Kirk, 1933; Ludlum, 1942; 
Mansfield, 1927, 1929 ; Olsen, 1956; Oriel, 1968; Oriel and Platt, 1967; Owen, 
1931; Richardson, 1913, 194 1; R.J. Ross, 1949, 1951, 1953, 1964a, 1964b, 
1967, 1968, 1970; Schulingk amp, 1972 ; Stokes, 1952, 1953, 1963; VanDorston, 
1969, 1970; Webb, 1956, 1958 ; Williams, 1948, 1955; Young-quist and Haegele, 
1956). The following is a brief description of some of the more important 
contributions . 
The Swan Peak Formation was named by Richardson (1913, p. 407) 
from exposures alon g the crest of Swan Peak in the Randolph quadrangle, 
Utah (Sec. 11, T14N, R4E). Owens (1931) was the first to describe the Swan 
Peak Formation in the Logan quadrangle, and Williams (1948, p. 1136) 
divided the Swan Peak Formation into three informal members (Green Canyon, 
Utah, Sec. 20, Tl2N, R2E), as follows: 
Fish Haven Dolomite 
Swan Peak Formation 
Thickness 
in feet 
66 
upper member -- buff quartzite 137 
middle member -- brown quartzite and shale 28 
lower member -- black shale and limestone 174 
Total thickness 339 
Garden City Formation 
R. J. Ross, Jr. (1951) biostratigraphically zoned the Garden City 
Formation (zones A-L) and the lower and middle members of the Swan Peak 
Formation (zone M). He determined an early Middle Ordovician age for the 
lower two members of the Swan Peak Formation. 
VanDorston (1969, 1970) discussed descriptive stratigraphy, varia-
tions in thickness, and criteria for refining the three-fold subdivision of 
Williams (1948) for the Swan Peak Formation in the Bear River Range of 
northern Utah. 
Francis (1972) studied the physical stratigraphy, variations in thick-
ness, paleontology, and stratigraphic relationships of the Swan Peak Formation 
and the Eureka Quartzite in northern Utah. Francis (1972, pp. 13-20) sub-
divided the lower two members of the Swan Peak Formation into a series of 
subunits, and developed criteria for picking contacts of each member. 
Schulingkamp (1972) studied descriptive stratigraphy, petrography, 
and source areas for the Swan Peak Formation and the Eureka Quartzite of 
north-central Utah and southeastern Idaho. Schulingkamp (1972, pp. 9-16) 
divided both the lower member and the middle member of the Swan Peak 
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Formation into lower and upper subunits. The subunits proposed by Schulingkamp, 
however, do not agree completely with the subunits defined by Francis (1972, 
pp. 13-20). 
Hague (188:l, p. 2fi:~) named the Eureka Quartzite from exposures 
near Eureka, Nevada. The Eureka Quartzite was incomplete at this location; 
therefore, Kirk ( 1933, p. 30) located the type section at Lone Mountain, 
approximately 20 miles north of Eureka, Nevada. 
Felix (1956, pp. 82-85 ) mapped three Lower(?) Paleozoic units 
(Units A, B, and C) in the Raft River Range of northwestern Utah. Although 
metamorphosed, Unit A originally was a dark carbonate, chiefly limestone, 
Unit B, a white quartzite, and Unit C, a dark carbonate, chiefly dolomite. 
Felix believed Unit A may resemble portions of the Pogonip Group (Ordovician) 
of Nevad a, so that all three units might be Ordovician in age. However, except 
for nondescript crinoid columnals, no identifiable fossils were collected, and 
a possible Carboniferous age could not be ruled out. 
Compton (197 2), on the basis of similarity in sequences of strata, 
position, and intergradational relationships, assigned a probable Ordovician 
age to the Lower(?) Paleozoic units (A, B, and C) of Felix (1956). Compton's 
conclusions were based on detailed mapping (1:31, 680) in the Grouse Creek Range 
and in the western portion of the Raft River Range (Yost quadrangle). These 
Ordovician(?) units were tentatively correlated with the Pogonip Group, 
Eureka Quartzite, and Fish Haven Dolomite, respectively. It should be noted, 
however, that no definitive paleontological data were collected. 
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Swan Peak Formation 
GC>nt•ral stltement 
The Swan Peak Formation is composed of three informal members 
that occur throughout north-central Utah and southeastern Idaho. The unit 
is underlain by the Garden City Formation (Early Ordovician to early Middle 
Ordovician), and is disconformably overlain by the Fish Haven Dolomite (Late 
Ordovician). 
The use of subunits, as described by Francis (1972) and Schulingkamp 
(1972), was not considered feasible in the present study. Although the lower 
subunit of the lower member and the upper subunit of the middle member 
(Schulingkamp, 1972) probably have validity in the area to the east, the lack 
of such well-defined lithologic sequences in the study area has necessitated 
excluding the use of subunits in descriptive terminology. 
The following is a brief description of the three members of the Swan 
Peak Formation in southern Idaho and portions of extreme northern Utah 
(Fig. 6). It is intended as a supplement to the more detailed descriptions 
of stratigraphy, paleontology, depositional environments, petrography, and 
lateral thickness changes of Francis (1972) and Schulingkamp (1972). 
Lower member 
The lower member occurs only in the eastern portion of the Swan 
Peak-Eureka study area (Figs. 11 and 15); it ranges in thickness from 24 
feet at White Quartz Mountain (Section 27) to 17 4 feet at Cherry Creek 
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(Section 29). It is not present in the Raft River Range. Irregularities in the 
isopachous lines (Fig. 11) could result from differential rates of deposition, 
subsidence' during deposition, or deposition on an irregular surface; or by 
post-depositional tectonism and differential erosion; or by post-depositional 
differential compaction. 
Because muds compact (approximately 40 to 50 percent) to a greater 
degree than sands (approximately 5 to 10 percent), stratigraphic sections 
wherein shale predominates should have had a greater original thickness 
than equally thick stratigraphic sections wherein quartzite predominates. 
Poor exposures prevented estimation of percentages of shale at each strati-
graphic section; however, if this could be accomplished, the variables of sort-
ing, grain size, and clay mineralogy must also enter into the problem of re-
storing a unit to its original thickness. With knowledge in this area at its 
present level, the author considers restoration of existing thicknesses to 
original thicknesses, largely speculation. However, it should be noted that 
variations in the percentage of shale at individual stratigraphic sections may 
cause some variations in the relative position of isopachous lines in Figures 11 
and 12. 
Because the lower member is generally covered, shallow pits were 
dug at most locations to determine characteristic lithologies. Generally, 
the predominant lithologies are shales with associated quartz siltites. Litho-
logies in the lower member range from mudstone-siltstone to sandstone-ortho-
quartzite {see Appendix F). The shales characteristic of the lower member are 
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medium to dark gray and noncalcareous, usually occur as thin beds and part-
ings, and commonly comprise more than 50 percent of the entire unit. The 
quartz siltitC's are very thin to medium bedded with parallel to wavy parall~l 
laminae, generally weather yellowish brown, locally friable, and may locally 
predominate over shale. Francis (1972) and Schulingkamp (1972) give more 
detailed descriptions of lithologies in the lower member. 
The lower contact of the lower member is placed at the first occur-
rence of shale, siltite, sandstone, or othoquartzite above medium to dark 
gray, cherty, well exposed limestones and/or dolomites of the Garden City 
Formation. The contact is sharp and easily recognized in the field. The con-
tact with the middle member is generally gradational through a short interval, 
generally 5-10 feet. Poor exposures further contribute to the problem of def-
inite placement of this contact. The composite use of the following criteria 
yields the best results in consistent placement of this contact: 
(1) The point of a pproximate change from lithologies dominated by 
shale and quartz siltite to lithologies dominated by brown orthoquartzite. 
(2) A change from medium and dark gray shales to light green and 
olive-green shales. 
(3) The first abundant occurrence upward of the trace fossil Phycodes. 
(4) The change from a generally covered slope to well exposed, brown 
orthoquartzite, accompanied by a topographic break and vegetation change. 
The following body fossils and trace fossils were observed in the 
lower member of the Swan Peak Formation in the ~dy area: (1) articulate 
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brachiopods Orthamboni tes michaelis, Q. swanensis, and Anomalorthis sp. ; 
(2) gastropod Macluritella sp.; and (3) trace fossil Chrondrites. Francis 
(1972, Tables 3, 4, and 5, pp. 76-79) compiled a rather complete list of 
body fossils and trace fossils found in each member of the Swan Peak Forma-
tion. 
Middle member 
The middle member occurs only in the easternmost portion of the 
Swan Peak-Eureka study area; it varies in thickness from 126 feet at Smith 
Canyon (Section 24) to a feather edge both northward (North Putnam Peak area, 
Section 21) and westward (White Quartz Mountain, Section 27). It also is ab-
sent in the Raft River Range (Fig. 12). 
Exposures are generally fair to good and lithologies distinctive. 
The predominant lithologies are shale and orthoquartzite, although minor 
sandstone occurs locally (~ Appendix F for complete descriptions). The 
shales are noncalcareous and lighter in color than shales in the lower mem-
ber. Although shales in the middle member are generally light green, both 
light gray and light brownish gray shales are locally dominant. The shales 
generally occur in partings or as thin beds between thicker beds of ortho-
quartzite, and usually decrease in abundance upward. The orthoquartzites 
weather brown to yellowish brown are fine to medium grained, thin to medium, 
parallel bedded, and exhibit shades of brown on fresh fracture. Parallel 
laminae predominate, but planar cross-laminae (underwater dunes) occur 
locally. Unburrowed and bioturbated zones alternate within the same beds 
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in the middle member, and ar e especially well developed at Smith Canyon 
(Plate 4). These zones probably reflect control on organic activity by sedi-
mentation rate, wherein a unit would be deposited rapidly, then burrowed in 
the upper portion during an interval of nondeposition. 
Small phosphatic plates (less than 3 mm across in size), occur through-
out the middle member (Plate 5), and are concentrated in nearly pure laminae 
locally. They are composed of the mineral hydroxylapatite (Ca 5(0H)P0 4}3), 
and are widely believed to be dermal plates of the earliest known primative 
ostracoderms (Romer, 1966, p. 23). 
The following body fossils anrt trace fossils (Plates 6, 7, and 8) 
were observed in the middle member in the study area : (1) articulate 
brachiopod Orthambonites sp.; (2) gastropod Macluritella sp. ; and (3) trace 
fossils Skolithos, Phycodes, and Asterosoma(?). 
Francis (1972, p. 34) informally proposed the name "Annelidichnus" 
for cylindrical, horizontal, branching, feeding burrows preserved as positive 
hyporeliefs on the bottom surfaces of quartzite beds in the middle member. 
The author considers "Annelidichnus" to resemble closely Phycodes 
(Hantzchel, 1962, p. W206), and prefers usage of the latter term. Phycodes 
is a feeding burrow (Plate 6) occurring on the bottom of some quartzite beds, 
and has a previously known range of Lower Cambrian to Lower Ordovician. 
The author prefers to extend the range of Phycodes instead of using the more 
recently introduced term "Annelidichnus ". 
The upper contact of the middle member is usually sharp, with 
white orthoquartzite of the upper member overlying shales and/or brown 
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orthoquartzites of the middle member. This sharp contact is suggestive of the 
disconformn.ble relationship proposed by Francis (1972, p. 18). However, 
white orthoquartzite is interbedded with brown just below this contact at some 
stratigraphic sections (Section 24 and at Soda Spring, Idaho, Sec. 1, T9S, 
R41E), which suggests that depositional conditions of the upper part of the 
middle member may have been similar to or gradational with those of the 
upper member of the Swan Peak Formation (~ Plate 9). A gradational 
contact was postulated by VanDorston (1969, 1970). However, an abrupt 
loss of shales, brown orthoquartzites, all body fossils, and trace fossils 
characteristic of the middle member occurs at this contact; moreover, 
the distribution and thickness characteristics of the upper member are dis-
similar to those of both the lower and middle members, which are similar 
(Figs. 11, 12, and 13). 
Upper member 
The upper member in the eastern portion of the study area varies 
in thickness from greater than 1256 feet in the Midnight Creek-Clifton Creek 
area (Section 25) to 466 feet at Clarkston Mountain (Section 31). Thickness 
values less than 466 feet have been measured at numerous sections in the 
study area, but these are only partial thicknesses (Figs. 13 and 15). R. L. 
Armstrong (1968) reported a possible maximum of 7000 feet of quartzite 
(Dayley Creek Quartzite) in the Albion Range (see Fig. 13 for location), 
which he considered possibly equivalent to the Swan Peak Formation. Struc-
tural and stratigraphic relationships in the Albion Range are much more complex 
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than presented by Armstrong, and the stratigraphic section as mapped is, in 
part, upside down (R. R. Compton, oral communication to R. Q. Oaks). On 
the basis of stratigraphic evidence, a Ca mbr i~1n or precambrian age appears 
just as likely for the Dayley Creek Quartzite. Compton (oral communication 
to R. Q. Oaks) believes a unit equivalent to the Eureka(?) of the Raft River 
and Grouse Creek ranges is present near the base of the Cambrian section 
as mapped by Armstrong, and is not more than a few hundred feet thick. Al-
though quartzites equivalent to the upper member of the Swan Peak Formation 
occur in the Raft River Range, the term "Eureka Quartzite" previously has 
been applied to these strata; therefore, they will be discussed separately. 
The upper member weathers white to yellowish brown, and consists 
of rounded to well rounded, fine- to medium-grained, thin- to medium-bedded, 
parallel bedded, silica-cemented, very light gray to white orthoquartzite . 
Beds characterized by continuous and discontinuous, parallel laminae are 
common, but planar and trough-shaped cross-laminae and structureless beds 
also occur. 
No body fossils were observed in the upper member of the Swan Peak 
Formation in the study area. To the author's knowledge, the only body fossil 
ever collected from the upper member is the gastropod Murchisonia (Hormotoma) 
sp. (five specimens) from the Fish Creek Range, reported by Schulingkamp 
(1972, p. 18). 
The only definite trace fossil observed by the author in the upper 
member is a vertical protection burrow, probably Skolithos. The occurrence 
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of weathering ( ?) pits (0. 5 cm to 2. 5 cm) and "pin-hole-pits" (less than 0. 5 
cm) morphologically similar to structures found in the Kinnikinic Formation, 
and locally concentrated in distinct horizons, occur throughout the upper mem-
ber, and possibly also are related to organic activity. Francis (1972, p. 40) 
considered the weathering(?) pits (Plate 10) to be Laevicyclus, but the occur-
rence of these spherical structures in all positions relative to bedding and the 
absence of concentric rings and a central stalk in the vast majority of cases, 
refutes Francis' interpretation for the great majority of these structures. 
There is little doubt these structures are the result of differential cementa-
tion of sand grains penecontemporaneous with deposition (possibly due to 
organic activity), but to ascribe them to Laevicyclus is probably unjustified. 
The absence of the middle member at White Quartz Mountain (Sec-
tion 27) and in the Putnam Peak area (Section 21) places the upper member 
in direct contact with the lower member in these areas, which implies non-
deposition or post-middle member, pre-upper member erosion. 
The upper contact of the upper member with the Fish Haven Dolomite 
is placed at the first occurrence of carbonate above orthoquartzite. Re-
worked pebbles of orthoquartzite in the lower 5 feet of the Fish Haven Dolomite 
at Smith Canyon (Section 24) and the Swim Ranch area (Section 26) is additional 
evidence for the disconformable relationship considered to exist between the 
Swan Peak Formation and the Fish Haven Dolomite. 
Eureka Quartzite 
The Eureka Quartzite in the Raft River Range ( Figs. 13 and 16) 
varies in thickness from 8 feet in the low hills approximately 2 miles east 
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of Warm Spring (Section 44) to 320 feet at Yost (Section 39). However, the 
latter thickness may be slightly high in view of possible repetition by fault-
ing. Because of structural complexity, sections in the Raft River Range 
were closely spaced; yet oniy the Yost Section appeared to have an anomalous 
thickness. 
The Eureka Quartzite in this area weathers white to yellowish 
brown, and consists of originally fine- to medium-grained (when not re-
crystallized), thin- to medium-bedded, tectonically brecciated, metaquartzite 
(Sections 32-48). Metamorphic effects are variable throughout the area, and 
have destroyed most of the sedimentary structures and rendered others 
ambiguous (e.g., confusion of original bedding with metamorphic lineations). 
The absence of identifiable body fossils or trace fossils from this 
quartzite and of distinctive body fossils from the overlying and underlying 
carbonate units precludes assignment of a definite age. However, crinoid 
columnals were found in both carbonate units at Section 38. Compton (1972) 
pointed out that similarities in sequence and in lithologies are highly sug-
gestive of the Ordovician stratigraphic sequence elsewhere in Utah and Nevada. 
The author has observed Ordovician stratigraphic units at over 65 locations 
(53 measured stratigraphic sections), and is convinced these strata more 
nearly resemble Ordovician strata than any other sequence known to the 
author in the Paleozoic stratigraphic section of western Utah and eastern 
Ncvacb. 
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REGIONAL CORRELATION, PALEOGEOGRAPHY, AND PROVENANCE 
Hcgional Correlation 
Numerous authors have noted the resemblance of the Kinnikinic 
Formation, upper member of the Swan Peak Formation, Eureka Quartzite, 
and Mount Wilson Quartzite (R. J. Ross, 1964a; Ketner, 1966, 1968; Norford, 
1969; Francis, 1972; Schulingkamp, 1972; Webb, 1956, 1958). 
These four quartzites correlate on the basis of the following: 
(1) Where fossiliferous, the carbonate units below the four quartzite 
units (Pogonip Group, lower and middle members of the Swan Peak Formation, 
Ella Dolomite, Owen Creek Formation) all yield early Middle or Middle 
Ordovician faunas (Fig. 8). Only the age of Cambrian ( ?} quartzites of 
Reutner :-ind Scholten (1967), beneath portions of the Kinnikinic, is unknown. 
(2) The carbonate units above the four quartzite units (Fish Haven 
Dolomite, Saturday Mountain Formation, Ely Springs Dolomite, Hanson 
Creek Formation, Beaverfoot Formation} are late Middle to Late Ordovician 
in age and lithologicall v similar. 
(3) There is evidence for a disconformable relationship at both the 
base and the top of the four quartzite units. 
(4) All four quartzite units strongly resemble one another physically 
(lithology, color, sedimentary structures, trace fossils). 
(5) Close similarity of petrographic parameters (Appendix E, Table 2) 
suggests that all four quartzite units probably were derived largely from a 
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single large source area. 
Paleo geography 
There are certain problems which must be considered in reconstruc-
ting original configurations of depositional basins. Most such reconstruc-
tions are based on present variations in thickness. Yet most basins are pres-
ented principally as areas of original maximum deposition. Another problem 
is that areas of maximum water depth and of maximum thickness of sediment 
accumulation do not necessarily coincide, as in the case of "sediment-starved" 
basins. Still another problem is that of facies change, wherein the zero iso-
pachous line may represent neither the shoreline or lateral cessation of dep-
osition. 
Two other major problems requiring evaluation are the effects of: 
(1) post-depositional uplift and erosion; and (2) post-depositional differential 
dislocation due to faulting. Post-depositional uplift and erosion, prior to dep-
osition of the Fish Haven Dolomite, Saturday Mountain Formation, Ely Springs 
Dolomite, Hanson Creek Formation, or Beaverfoot Formation, would have had 
to occur in the latter portion of the Middle Ordovician or the earliest portion 
of the Late Ordovician. The author, therefore, considers thickness variations 
brought about by any such uplift to be insignificant, especially in veiw of ab-
sence of angular discordance in the areas studied. Although there is evidence 
of a disconformable relationship, and sufficient time for consolidation of the 
Kinnikinic and its equivalents, there is no evidence of significant tectonic 
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activity or erosion during this time period. However, post-Fish Haven, 
pre-Devonian uplift and erosion in central Idaho (and in Canada) has removed 
much of the original sediments in thse areas (Fig. 17), and may have altered 
the shape of the original basin of deposition. It is difficult to evaluate the 
precise effects of post-depositional differential movements during thrust 
faulting on original basin configuration; however, thickness variations with-
in individual thrust sheets carry over to adjacent thrust sheets, so that it 
is probably safe to assume the relative basin configuration, as shown in 
Figure 17, has not been altered significantly by this means. 
Figure 17 is based on more than 150 measured stratigraphic sec-
tions (Webb, 1956; R. J. Ross, 1964b; Ketner, 1968; Van Dorston, 1969; 
Francis, 1972; Schulingkamp, 1972; and this report). The five principal 
basins (thickest accumulations of unit) from north to south are: (1) Alberta-
British Columbia Basin (not shown in Figure 17); (2) Central Idaho Basin; 
(3) Southeastern Idaho Basin (previously designated Northern Utah Basin by 
Hintze, 1963a, b); (4) Northeastern Nevada Basin, and (5) Ibex Basin 
(Webb, 1956). Of the four basins in the western United States, the Ibex 
Basin covers the largest geographical area of uneroded quartzite, but the 
maximum accumulation of sediment there is only slightly in excess of 700 
feet, whereas the Northeastern Nevada Basin has a maximum preserved 
thickness of 1710 feet (Ketner, 1968, p. B171), the Southeastern Idaho Basin 
has a maximum thickness of greater than 1250 feet, and the Central Idaho 
Basin has a maximum preserved thickness of approximately 2290 feet. 
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Less rapidly subsiding areas (or tectonically positive areas) separated 
these major basins of seiliment accumulation. The Arco Arch, named here, 
has been recognized for the first time as a result of the present study (~ 
Fig. 17). The Arco Arch is a generally east-west-trending structure sep-
arating the Central Idaho Basin from the Southwestern Idaho Basin. It is 
located in the general area of Arco, Idaho. 
Provenance 
Ketner (1968) believed that sands comprising Middle Ordovician 
Cordilleran miogeosynclinal quartzites were derived almost entirely from 
the Peace River-Athabaska Arch area in north-central and northern Alberta, 
Canada. He excluded the northwest Montan uplift ("Sweetgrass Arch" of 
Sloss, 1950, p. 428; Johnson, 1954, p. 31), northern Idaho, and the Uinta 
uplift (Tooele Arch) as significant contributors of elastic sediments to the 
Cordilleran miogeosyncline during the Middle Ordovician. His reasons for 
these conclusions (1968, p. Bl76) were: (1) an adequate source of sand 
apparently exists in the former area, but not in all of the latter areas com-
bined; (2) basal quartzite beds arc postulated to decrease in age from north 
to south; (3) in general, width increases and thickness decreases from north 
to south in sand deposits of Middle Ordovician age; and (4) an overall decrease 
in grain size and improved sorting occurs southward. These criteria are 
discussed individually below. 
82 
It is well substantiated the Peace River-Athabaska Arch area was 
tectonically active in post-Cambrian, pre-Devonian Time (deMille, 1958), and 
subsC'quC'nt removal of Cambrian sand units from this area possibly was suffi-
cient to account for the volume of sand associated with Middle Ordovician shelfal 
(miogeosynclinal) orthoquartzites. Precambrian strata are excluded as source 
material in the peace River-Athabaska Arch area because of the failure of 
erosion to significantly penetrate these strata (Ketner, 1968, p. Bl75). 
Ketner (1968, p. Bl 7 5) dismissed the northern Montana uplift as a 
significant contributing source area because of a presumed lack of sand units 
in the Cambrian and Precambrian section. The lack of Cambrian quartzites 
in the uplifted area is acknowledged, but the assumption that quartsite was 
lacking in the upper Precambrian in this area probably is incorrect. Ketner's 
conclusions concerning the lack of Precambrian quartsites in the uplifted 
area were based on the absence of quartzite in the Glacier National Park 
area (C. P, Ross, 1963b; Fenton and Fenton, 1937); thus, appreciable quanti-
ties of Upper Precambrian qunrtzites may once have been present in this 
area. It is difficult to establish, however, if these units were undergoing 
erosion in the Middle Ordovician. 
In northern Idaho and northeast.ern Washington there are significant 
quantities of Cambrian quartzite (A. B. Campbell, 1960; Park and Cannon, 
1943) and Upper Precambrian quartzite (C. P. Ross, 1963b), but there is 
little evidence for erosion of these strata in the Ordovician. Stearns (1954) 
reported quartzite boulders resembling the Kinnikinic (?) Formation in 
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Tertiary stream bed s in the Seven Devils Mountains and Hells Canyon area 
in Adams County, Idaho, and Wallowa County, Oregon, and he cited these 
occurrences as evidence' of a formation of considerable extent subsequently 
removed by erosion and / or covered by Columbia River Basalts. Therefore, 
the possible existence of Ordovician orthoquartzites in this region and the 
presence of the Ledb e tter Shale (Middle Ordovician) in the Metaline quad-
rangle of northeastern Washington (P-ark and Cannon, 1943) suggests the 
deposition of Ordovician strata throughout the region, subsequnetly removed 
by erosion. It is, therefore, more reasonable to assume northern Idaho was 
receiving deposition during the Middle Ordovician instead of contributing sedi-
ments to the miogeosyncline. 
Nevertheless, the author believes that the contributions of the other 
source areas discussed by Ketner (northwest Montana uplift ; Uinta uplift), 
although secondary in importance, are underestimated by him. Certainly 
the confinement of th e lower and middle members of the Swan Peak Forma-
tion to northern Utah and southeastern Idaho and the lack of strata resembl-
ing these units in central Idaho is suggestive of a different source area for 
these two members, possibly the Uinta uplift (Tooele Arch), than for the 
more continuous upper member of the Swan Peak Formation. 
Ketner's second criterion for a northern source is a postulated 
decrease in age of the basal quartzite beds from north to south. This is a 
difficult problem because the quartzites contain few fossils, and ages, thus, 
must be based on those of overlying and underlying units. The upper 
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limestone of the Pogonip Group, underlying the Eureka Quartzite, is reported 
to have a Porterfield age (R .. J. Ross, 1970, p. 1), whereas the middle member 
of the Swan Peak Formation, directly beneath the upper member, probably is 
Whiterock to Marmor in age (R. J. Ross, 1951). However, this does not prove 
conclusively that the base of the Eureka Quartzite is younger than the base of 
the upper member of the Swan Peak Formation. The Ella Dolomite of central 
Idaho is also considered to be White rock to Marmor in age (Hobbs, Hays, 
and Ross, 1968, p. J14), and therefore, essentially time equivalent to the 
lower and middle members of the Swan Peak Formation to the south (Fig. 8). 
The Owen Creek Formation (dolomite) in Alberta and British Columbia, Canada, 
is considered to be Middle Ordovician in age, so that the overlying Mount 
Wilson Quartzite (Kinnikinic-upper member of Swan Peak-Eureka equivalent) 
is probably late Middle Ordovician in age (Norford, 1969, pp. 21-28). There-
fore, there is little conclusive evidence for a north-to-south decreasing age 
for the four quartzite units under consideration. 
Ketner 's third criterion for postulating northern Alberta as the 
principal source area was a decreasing thickness and increasing width of 
Middle Ordovician sand deposits from north to south. There is good evidence 
of thinning- of Middle Ordovician sand units from north to south in the basins 
of deposition of the Eureka Quartzite as compared to more northern basins 
(Fig. 17). However, the original width of depositional basins in central 
Idaho-southwestern Montana and Alberta-British Columbia is greatly obscured 
due to post-depositional erosion, and the present width of the Northeastern 
Nevada Basin in less than that of the Southeastern Idaho Basin. 
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Ketner's fourth criterion was a decreasing grain size and increas-
ing sorting from north to south. Thin-section analyses show a decrease 
in mean grain size from the Mount Wilson Quartzite in Canada (Ketner, 1968, 
p. Bl73) to 0. 22 mm in the Kinnikinic Formation of central Idaho, 0. 16 mm 
in the upper member of the Swan Peak Formation of southeastern Idaho and 
north-central Utah, and 0. 14 mm in the Eureka Quartzite of western Utah 
(Appendix E, Table 2). Sorting generally improves southward from central 
Idaho, with mean values of 0.601 for the Kinnikinic Formation and 0. 546 and 
0. 489 for the upper member of the Swan Peak Formation and the Eureka 
Quartzite, respectively (Appendix E, Table 2). Ketner (1968, p. B173) stated, 
"Sorting of grains tends to improve southward and northward from Idaho but 
the southerly trend is stronger. " Possibly, the relatively poorer sorting 
in central Idaho is a result of local contributions from the northwest Montana 
uplift. 
The author is acutely aware of the problems of comparing thin-sec-
tion data from several independent sources; therefore, only the most general 
comparisons have been attempted. Nevertheless, the data appear to cor-
respond to Ketner's main conclusions. 
In summary, the author is in overall agreement with Ketner for a 
predominantly northern source for the Mount Wilson, Kinnikinic, upper mem-
ber of the Swan Peak Formation, and Eureka quartzites. However, the lower 
and middle members of the Swan Peak Formation, based on the differences in 
color, mineralogy, and relationships with other lithologies, suggest portions of 
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these uni ts probably were derived from other source areas, and contributions 
from northern Alberta were probably minor. Also, minor anomalies in 
textural trends of the four quartzite units are probably related to the influence 
of secondary areas (Uinta uplift; northwest Montana uplift). 
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CONCLUSIONS 
The conclusions of this study can be summarized as follows: 
1) The Kinnikinic Formation thins from 2285 feet in the Meadow Lake 
area westward t:o 376 feet in the Bayhorse quadrangle and southward 
to 326 feet in the Arco Hills. East of Meadow Lake variations in 
thickness are the result of differential erosion associated with a 
pre--Devonian tectonic distrubance. 
2) The Kinnikinic Formation is light-colored, fine- to medium-
grained, thin- to medium-bedded (mean bed thickness O. 7 foot), 
parallel bedded, predominantly silica-cemented orthoquartzite 
with minor ctolomitc-cemented zones and westward, shale inter-
beds. 
3) Sorting is moderate to good, skewness is variable, and cumulative-
frequency probability curves are divisible into three curve types, 
each illustrating predominantly "saltation" (saltation and inertial 
suspension) populations. Traction (sliding and rolling) and 
viscous-suspension populations are rare, the former because 
coarser grains probably were not available, the latter perhaps be-
cause agitation was too high to permit deposition of fines. 
4) The presence of marine carbonates above and below the Kinnikinic 
Formation, tho wide extent and uniform lithology of the unit, the 
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predominance of subaqueous dune structures and parallel laminae 
probably indicative of moderate- to high-energy currents, the 
scarcity of marine fossils, and the exclusive presence of protec-
tion-type burrows, are indicative of an open-marine, subtidal, 
shallow-shelfal environment entirely above effective wave base. 
5) The Kinnikinic- Fish Haven contact is considered dis conformable 
on the basis of its sharpness and the presence of reworked ortho-
quartzite pebbles and cobbles in the lower few feet of the Lost 
River Member of the Fish Haven Dolomite. 
6) The Swan Peak Formation of southeastern Idaho and extreme 
northern Utah is divisible into three informal members. The 
lower and middle members are restricted to the eastern and 
southern edges of the Southeastern Idaho Basin (Fig. 17). The 
lower member consists of quartz siltites and gray shales. The 
middle member is characterized by brown orthoquartzite and 
light-colored shales. The upper member is a white, fine- to 
medium-grained, thin- to medium -bedded, parallel-bedded silica-
cemented orthoquartzite. It probably is separated from the under-
lying lower and middle members by a disconformity (Francis, 1972). 
7) Correlation of a quartzite (Unit B of Felix, 1956) in the Raft River 
Range with the Eureka Quartzite proposed by Compton (1972), is 
here accepted on the basis of its similar lithology and stratigraphic 
position. Its relatively thin, uniform nature in the Raft River 
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Range is suggestive of slower rates of sedimentation, or, possi-
bly, post-depositional, pre-Fish Haven erosion. 
8) The Dayley C"r<>ek Quartzite of the Albion Range is considered to 
be just as likely Cambrian or Precambrian in age as Ordovician, 
the age favored by Armstrong (1968). 
9) Based on physical characteristics, including abundant isolated 
ripples with opposed migration directions, mud lenses in ripple 
troughs ( ?flaser structure), absence of subaqueous dune struc-
tures, and thin t.o very thin bedding, quartzites in the lower thrust 
plate of the Phi Kappa Formation are not considered depositional 
equivalents of the Kinnikinic Formation, although they are approxi-
mately time equivalents. 
10) The author agrees with Ketner (1968) that the principal source 
area for Middle Ordovician Cordilleran miogeosynclinal ortho-
quartzites may have been the Peace River-Athabaska Arch area 
of northern Alberta; however, the author suggests a greater con-
tribution by other uplifted areas (northern Montana uplift, Uinta 
uplift) than does Ketner. 
11) The Kinnikinic Formation, the upper member of the Swan Peak 
Formation, the Eureka Quartzite, and the Mount Wilson Quartz-
ite (southern Canadian Rockies) are considered to be a single 
genetic unit. This is based on: (1) age determinations of under-
lying (early Middle to Middle Ordovician) and overlying (late 
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Middle to Late Ordovician) units; (2) physical resemblances and 
similar depositional environments of all four quartzite units; 
(3) disconformable relationships at the top and base of each 
quartzite unit; and (4) the high probability all four quartzites 
were derived principally from the same northern source area. 
12) The shelfal environment in the Middle Ordovician can be divided 
into at least five "basins" of deposition separated by relatively 
''high'' areas (evidenced by thinning and areal constriction). 
From north to south the basins are: (1) Alberta-British 
Columbia Basin; (2) Central Idaho Basin; (3) Southeastern 
Idaho Basin (Northern Utah Basin of Hintze, 1963a, b); (4) North-
eastern Nevada Basin and (5) lliex Basin (Fig. 17). The Arco Arch 
has been recognized for the first time as a result of the present 
study. 
13) The high mean percentages (see Table 2) of undulatory quartz 
grains in the Kinnikinic Formation (79 percent), the upper mem-
ber of the Swan Peak Formation (61 percent), and the Eureka 
Quartzite (70 percent) suggests widespread post-depositional 
straining of quartz in situ. The maturity and extensive distribu-
tion of Middle Ordovician Cordilleran miogeosynclinal ortho-
quartzite units require post-depositional modification, and pre-
clude contamination from local, highly weathered, less-mature 
sources as the orgin of such high percentages of undulatory quartz. 
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Figure 11 . Map showing thicknC'ss of thP lowC'r memhf'r of the Swan P<>:tk 
Formation in southeastern Idaho and extreme northern Ut~th. 
CI 50 feet with supplementary contour for 2fi f(_,, t. 
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Figur(' 12. Map showing thickness of middle memher of the Swan r(' ak Formation 
in Southeastern Idaho and extreme northern Uta h. CI 50 feet. 
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Figure 1:3. Map showing thickness of the upper member of the Swan Peak For-
mation in southeastern Idaho and extreme north-central Utah, and 
the Eureka Quartzite in the Raft River Hange. CI -.,200 fr•0t. 
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APPENDIX B 
PLATES 
127 
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Plate l. Reworked cobbles of orthoquartzite in carbonate, just above con-
tact with lenticular channel, 8 to 10 feet thick, filled with ortho-
quartzite, approximately 15 feet above the base of the Lost River 
Member, Fish Haven Colomite, Elbow Canyon (Section 5). 
Plate 2. Stratigraphic units, Arco Hills (Section 1): Cambrian(?) Quartz-
ite(£q?); Ordovician Dolomite (Od); Kinnikinic Formation tOk) ; 
Fish Haven Dolomite (Ofu), Lost River Member (Ofhlr). 
0~ 
£q? 
Ofh 
Ofhtr--
....__ 
129 
130 
/ 
Plate 3. Stratigraphic units, Summerhouse Canyon (Section 12); Precambrian 
Quartzite (p€q) ; Cambrian(?) Quartzite (€q ?); Ordovician Dolomite 
(Od); Kinnikinic Formation (Ok}; Fish Haven Dolomite (Ofh), Lost 
River Member (Ofhlr). 
Plate 4. Vertically alternating unburrowed and burrowed zones within each 
bed, middle member of Swan Peak Formation, Smith Canyon (Sec-
tion 24). 
131 
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Plate 5. Hydroxylapatite plates in orthoquartzite, middle member of Swan 
Peak Formation, Soda Springs Hills, Idaho (Sec. 1, T9S, R41E). 
Note rounded quartz grains, sub parallel (imbricate?) orientation 
of plates, and hematite cement. Uncrossed nicols, 20 x. 
Plate 6. Phycodes (' 'Annelidichnus"of Francis, 1972 P· 36), hyporeliefs 
of a common trace fossil in the middle member, Swan ~ak For-
mation, Clarkston Mountain (Section 31). 
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Plate 7. Unidentified, uncommon trace fossil, hyporeliefs in middle mem -
ber, Swan Peak Formation, Clarkston Mountain (Section 31). 
Plate 8. Vertically stacked galleries of unidentified trace fossil showing 
upward migration of organism in response to sedimentation, mid-
dle member, Swan Peak Formation, Soda Springs Hills, Idaho 
(Sec. 1, T9S, R41E). 
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Plate 9. Interbedded white (W), purple, and brown orthoquartzite in the 
middle memb e r, Swan Peak Formation, Soda Springs Hills, 
Idaho (Sec . 1, T9S, R41E). 
Plate 10. Weathering(?) pits probably cemented by ankerite, in the upper 
member, Swan Peak Formation, Soda Springs Hills, Idaho (Sec. 1, 
T9S, R41E). 
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APPENDIX C 
THIN-SECTION DATA 
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THIN SECTION A 
LOCATION: Black Canyon-Middle Canyon (Section 2), Lemhi Range, Idaho 
Coll ected approximately 10 feet above hase of section. 
GENERAL STATEMENT: 
Rock Name: Orthoquartzite. 
Principal Cement an d/ or Matric Mineralogy: Secondar y silica over-
growths. 
Principal Grain Mineralogy: 99 % quartz. 
Grain-Boundary Relationships: Interlocking. 
PLATE DESCRIPTION: Photomicrograph of thin section A showing hematite 
concentrations, occurrence of hematite as cement and/or m:1trix 
along some quartz gr:1in boundaries, and well-rounded tourmaline 
grain. Uncrossed nicols, 80 x. 
GRAIN MINERALOGY: 
Quartz Types 
Nonundulatory 
Undulatory 
Polycrystalline 
Total 
Number Counted 
20 
172 
8 
200 
other Grain Types (total thin section) 
Carbonate 
Feldspar 
Tourmaline 
Zircon 
Total Number 
0 
0 
4 
1 
GRAIN ROUNDING AND GRAIN SHAPE: 
Number Counted 
Well Rounded 70 
Rounded 100 
Sub rounded 26 
other 4 
Total 200 
Equant 62 
Subequant 134 
Bladed 4 
Total 200 
INCLUSIONS (based on total amount of inclusions): 
Percent 
10 
86 
4 
100 
Percent 
35 
50 
13 
2 
100 
31 
67 
2 
100 
140 
Major Minor Trace Not Present 
Bubble Trains 
Random Bubbles 
Rutile 
Tourmaline and/or Zircon 
X 
X 
X 
X 
MATRIX AND/OR CEMENT MINERALOGY (based on total amount of matrix/ 
cement): 
Major Minor Trace Not Present 
Carbonate X 
Clay Minerals X 
Iron Oxides X 
Mica X 
Silica Overgrowths X 
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THIN SECTION B 
LOCATION: Black Canyon-Middle Canyon (Section 2), Lemhi Range, Idaho. 
Collected approximately 155 feet above base of section. 
GENERAL STATEMENT: 
Hock Name: Orthoquartzite. 
Principal Cement and/or Matrix Mineralogy: Secondary silica 
overgrowths. 
Principal Grain Mineralogy: > 99 % quartz. 
Grain-Boundary Relationship s: Interlocking. 
-~ ( ,. ", 
."'-\. •. 
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PLATE DESCRIPTION: Photomicrograph of thin section J3 showing two 
large quartz grains with nonundulatory extinction. Notr numerous 
tiny inclusions and interlocking (serrate) nature of grain boundaries. 
Crossed nicols, 80 x. 
GRAIN MINERALOGY: 
Quartz Types 
Nonundulatory 
Undulatory 
Polycrystalline 
Tota.I 
Number Counted 
92 
102 
6 
200 
Other Grain Types (total thin section) 
Carbonate 
Feldspar 
Tourmaline 
Zircon 
Tota.I Number 
0 
0 
3 
2 
GRAIN ROUNDING AND GRAIN SHAPE: 
Well Rounded 
Rounded 
Sub rounded 
Other 
Equant 
Subequant 
Bladed 
Total 
Total 
Number Counted 
43 
110 
20 
0 
173 
70 
124 
6 
200 
INCLUSIONS (based on total amount of inclusions): 
Major Minor Trace 
Bubble Trains X 
Random Bubbles X 
Rutile X 
Tourmaline and/or Zircon X 
Percent 
46 
51 
3 
100 
Percent 
26 
62 
12 
0 
100 
35 
62 
3 
100 
142 
Not Present 
MA TRIX AND/OR CEMENT MINERALOGY (based on total amount matrix/ 
cement): 
Carbonate 
Clay Minerals 
Iron Oxides 
Mica 
Silica Overgrowths 
Major Minor 
X 
Trace Not Present 
X 
X 
X 
X 
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THIN SECTION C 
LOCATION: Black Canyon-Middle Canyon (Section 2), Lemhi Range, Idaho. 
Collected approx imately 260 feet above base of section. 
GENERAL STATEMENT: 
Rock Name: Orthoquartzite. 
Principal cement and / or Matrix Mineralogy: Secondary silic a overgrowths. 
Principal Grain Mineralogy: >99.5 % quartz. 
Grain- Boundary Hela tionships: Interlocking. 
t:z • • -
PLATE DESCRIPTION : Photomic rograph of thin section C showing undulatory 
extinction, rounded to well-rounded nature of original quartz grains, 
and minor n.mounts of clay minerals (illite) occurring between some 
grain boundaries. Crossed nicols, 80 x. 
GRAIN MINERALOGY: 
Quartz Typc>s 
Nonundubtory 
Und uJ :-i to ry 
Polycrystalline 
Total 
Number Counted 
18 
176 
6 
200 
Other Grain Types (total thin section) 
Carbonate 
Feldspar 
Tourmaline 
Zircon 
Total Number 
0 
0 
3 
1 
GRAIN ROUNDING AND GRAIN SHAPE: 
Number Counted 
Well Rounded 90 
Rounded 84 
Subrounded 24 
Other 2 
Total 200 
Equant 100 
Subequant 98 
Bladed 2 
Total 200 
INCLUSIONS (based on total amount of inclusions): 
Bubble Trains 
Random Bubbles 
Rutile 
Tourmaline and/or Zircon 
Major Minor 
X 
Trace 
X 
X 
Percent 
9 
88 
3 
100 
Percent 
45 
42 
12 
1 
100 
50 
49 
1 
100 
144 
Not Present 
X 
MA TRIC AND/OR CEMENT MINERALOGY (based on total amount of matrix/ 
cement): 
Carbonate 
Clay Mineral 
Iron Oxides 
Mica 
Silica Overgrowths 
Major Minor Trace Not Present 
X 
X 
X 
X 
X 
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THIN SECTION D 
LOCATION: Black Canyon-Middle Canyon (Section 2), Lemhi Range, Idaho. 
Collected approximately 347 feet above base of section. 
GENERAL STATEMENT: 
Rock Name: Orthoquartzite. 
Principal Cement and/or Matrix Mineralogy: Secondary silica over-
growths. 
Principal Grain Mineralogy: >99 .5 'Yo quartz. 
Grain-Boundary Relationships: Interlocking. 
PLATE DESCRIPTION: Photomicrograph of thin section D showing two 
distinct grain sizes, undulatory and nonundul at ory extinction, 
and concentrations of hematite cement. Crossed nicols, 20 x. 
GRAIN MINE RA LOGY: 
Quartz Types 
Nonundula tory 
lTndulatory 
Polyc rys talli no 
Total 
Number Counted 
20 
170 
10 
200 
Other Grain Types (total thin section) 
Total Number 
Carbonate 0 
Feldspar 0 
Tourmaline 4 
'.Zircon 0 
GRAIN ROUNDING AND GRAIN SHAPE: 
Number Counted 
Well Rounded 45 
Rounded 128 
Sub rounded 12 
Other 0 
Total 185 
Equant 54 
Subequant 140 
Blanded 6 
Total 200 
INCLUSIONS (based on total amount of inclusions): 
Percent 
10 
85 
5 
100 
Percent 
24 
69 
7 
0 
100 
27 
70 
3 
100 
146 
Major Minor Trace Not Present 
Bubble Trains X 
Random Bubbles X 
Rutile X 
Tourmaline and/or Zircon X 
MA TRIX AND/OR CEMENT MINERALOGY (based on total amount of matrix/ 
cement): 
Major Minor Trace Not Present 
Carbonate X 
Clay Minerals X 
Iron Oxides 
Mica 
Silica Overgrowths X 
X 
X 
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THIN SECTION E 
LOCATION: Black Canyon-Middle Canyon (Section 2), Lemhi Range, Idaho. 
Collected approximately 410 feet above base of section. 
GENERAL STATEMENT: 
Rock Name: Orthoquartzite. 
Principal Dement and/or Matrix Mineralogy: Secondary silica over-
growths. 
Principal Grain Mineralogy: > 99 . 5 % quartz. 
Grain-Boundary Relationships: Interlocking. 
PLATE DESCRIPTION: Photomicrograph of thin section E showing inter-
locking grain boundaries and uniform grain size. Crossed nicols, 
20 x. 
GRAIN MINERALOGY: 
Quartz Types 
Nonundula tory 
Undulatory 
Polycrystalline 
Total 
Number Counted 
26 
170 
4 
200 
Other Grain Types (total thin section) 
Carbonate 
Feldspar 
Tourmaline 
Zircon 
GRAIN ROUNDING AND GRAIN SHAPE: 
Total Number 
0 
0 
2 
0 
Number Counted 
Well Rounded 
Rounded 
Subrounded 
Other 
Equant 
Subequant 
Bladed 
Total 
Total 
28 
107 
9 
3 
147 
40 
156 
4 
200 
INCLUSIONS (based on total amount of inclusions): 
Percent 
13 
85 
2 
100 
Percent 
19 
73 
6 
2 
100 
20 
78 
2 
100 
148 
Major Minor Trace Not Present 
Bubble Trains 
Random Bubbles 
Rutile 
Tourmaline and/or Zircon 
X 
X 
X 
X 
MATRIX AND/OR CEMENT MINERALOGY (based on total amount of matrix/ 
cement): 
Carbonate 
Clay Mineral 
Iron Oxides 
Mica 
Silica Overgrowths 
Major Minor 
X 
Trace Not Present 
--
X 
X 
X 
X 
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THIN SECTION F 
LOCATION: Meadow Lake (Section 13), Lemhi Range, Idaho. 
Collected approxima tely 10 feet above base of section. 
GENERAL STATEMENT: 
Rock Name: Orthoquartzite. 
Principal Cement and/or Matrix Mineralogy: Secondary silica over-
growths. 
Princilal Grain Mineralogy: > 99. 5 % quartz. 
Grain - Boundary Relationships: Inter locking. 
PLATE DESCRIPTION: Photomicrograph of thin section F showing undulatory 
extinction, interpenetration of some of the quartz grains (overgrowths), 
and numerous tiny inclusions. Crossed nicols, 80 x. 
GRAIN MINER ALOGY: 
Number Counted 
Quartz Types 
Nonundula to ry 12 
Undulatory 178 
Polycr ystalline 10 
Total 200 
Other Grain Types (total thin section) 
Total Number 
Carbonate 0 
Feldsp a r 0 
Tourmaline 0 
Zircon 2 
GRAIN ROUNDING AND GRAIN SHAPES: 
Number Counted 
Well Rounded 110 
Rounded 76 
Sub rounded 14 
Other 0 
Total 200 
Equant 82 
Subeq uant 114 
Bladed 4 
Total 200 
INCLUSIONS (based on total amount of inclusions) : 
Bubble Trains 
Random Bubbles 
Rutile 
Tourmalin e and/ or Zircon 
Major Minor 
X 
X 
Trace 
X 
X 
150 
Percent 
6 
89 
5 
100 
Percent 
55 
38 
7 
0 
100 
41 
57 
2 
100 
Not Present 
MA TRIX AND/OR CEMENT MINERALOGY (based on total amount of matrix/ 
cement): 
Carbonate 
Clay Miner als 
Iron Oxides 
Mica 
Silica Overgrowths 
Major Minor Trace Not Present 
X 
X 
X 
X 
X 
Uil 
THIN SECTION G 
LOCATION: Meadow Lake (Section 13), Lemhi Range, Idaho. 
Collected approximately 350 feet above base of section. 
GENERAL STATEMENT : 
Rock Name: Orthoquartzite. 
Princ·ipal Cement and/or Matrix Mineralogy: Secondary silica over-
growths. 
Principal Grain Mineralogy:> 99.5 J quartz. 
Grain-Boundary Relationships: Interlocking. 
PLATE DESCRIPTION: Photomicrograph of thin section G showing alternat-
ing lamina e of fine-grained quartz and coarser-grained quar1z. 
Crossed nicols, 20 x. 
GRAIN MINE RA LOGY: 
Quartz Types 
Nonundulatory 
Undulatory 
,Polycrystalline 
Total 
Number Counted 
8 
176 
16 
200 
Other Grain Types ( total thin section) 
Carbonate 
Feldsp:1.r 
Tourmaline 
Zircon 
Total Number 
0 
0 
5 
4 
GRAIN ROUNDING AND GRAIN SHA PE: 
Well Rounded 
Rouncied 
Sub rounded 
Other 
Equant 
Subequant · 
Bladed 
Total 
Total 
Number Counted 
34 
90 
11 
0 
200 
44 
134 
22 
200 
iNCLUSIONS (based on tofal amount of inclusions): 
Bubble Trains 
Random Bubbles 
Rutile 
Tourmaline and/or Zircon 
Major Minor 
X 
X 
Trace 
X 
X 
Percent 
4 
88 
8 
100 
Percent 
25 
67 
8 
0 
100 
22 
67 
11 
100 
152 
Not Present 
MA TRIX AND/OR CEMENT MINERALOGY (based on total amount of matrix/ 
Carbonate 
Clay Minerals 
Iron Oxides 
Mica 
Silica Overgrowths 
cement): 
Major Minor 
X 
Trace 
X 
X 
Not Present 
X 
X 
l ~-· ;; ' J 
THIN SECTION H 
LOCATION: Meadow Lake (Section 13), Lemhi Range, Idaho. 
Collected approximately 625 feet above b:Lse of section. 
GENERAL STATEMENT: 
Rock Name: Orthoquartzit e. 
Principal Cement and / or Matrix Mineralogy: Secondary silica over-
growths. 
Princip a l Grain Mineralogy : >99 . 5 % quart?:. 
Grain- Boundary Relationships: Interlocking. 
PLATE DESCRIPTION : Photomicrograph of thin section H showing undula1ory 
an d nonundulatory extinction and two distinct grain sizes. Crossed 
nicols, 20 x. 
GRAIN MINERALOGY : 
Number Counted 
Quartz Types 
Nonundulatory 20 
Undulatory 166 
Polycrystalline 14 
Total 200 
Other Grain Types (total thin section) 
Total Number 
Carbonate 0 
Feldspar 0 
Tourmaline 8 
Zircon 1 
GRAIN ROUNDING AND GRAIN SHAPE: 
Number Counted 
Well Rounded 27 
Rounded 86 
Sub rounded 11 
Other 0 
Total 124 
Equant 52 
Subequant 144 
Bladed 4 
Total 200 
INCLUSIONS (based on total amount of inclusions) : 
Bubble Trains 
Random Bubbles 
Rutile 
Tourmaline and / or Zircon 
Major Minor 
X 
X 
Trace 
X 
154 
Percent 
10 
83 
7 
100 
Percent 
22 
69 
9 
0 
100 
26 
72 
2 
100 
Not Present 
X 
MA TRIX And/Or CEMENT MINERALOGY (based on total amounts of matrix/ 
cement): 
Major Minor Trace Not Present 
--
Carbonate X 
Clay Minerals X 
Iron Oxides X 
Mica X 
Silica Overgrowths X 
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THIN SECTION I 
LOCATION: Meadow Lake (Section 13), Lemhi Range, Idaho. 
Collected a pproximately 1800 feet above base of section. 
GENERAL STATEMENT: 
Rock Name : Orthoquartzite. 
Principal Cement and/or Matrix Miner a logy: Secondary silica over-
growths. 
Principal Grain Mineralogy: > 99. 5% quartz. 
Grain - Bound ary Relationships : Interlocking. 
PLATE DESCRIPTION : Phot.omicrograph of thin section I showing undulatory 
extinction, interpenetration of quartz grain boundaries, and rounded 
to well-rounded nature of the relict quartz grains. Note numerous 
tiny inclusions. Crossed nicols, 80 x . 
GRAIN MINE RA LOGY: 
Quartz Types 
Nonundulatory 
Undulatory 
Pol ye rys tallinc 
Total 
Number Counted 
4 
180 
16 
200 
Other Grain Types (total thin section) 
Carbonate 
Feldspar 
Tourmaline 
Zircon 
Total Number 
0 
0 
2 
0 
GRAIN ROUNDING AND GRAIN SHAPE: 
Well Rounded 
Rounded 
Sub rounded 
Other 
Equant 
Subequant 
Bladed 
Total 
Total 
Number Counted 
24 
91 
14 
0 
129 
42 
150 
8 
200 
INCLUSIONS (based on total amount of inclusions) : 
Bubble Trains 
Random Bubbles 
Rutile 
Tourmaline and / or Zircon 
Major Minor 
X 
Trace 
X 
X 
X 
Percent 
2 
90 
8 
100 
Percent 
18 
71 
11 
0 
100 
21 
75 
4 
100 
156 
Not Present 
MATRIXAND/OR CEMENT MINERALOGY (based on total amount of matrix/ 
Carbonate 
Clay Minerals 
Iron Oxides 
Mica 
Silica Overgrowths 
cement): 
Major Minor 
X 
Trace 
X 
X 
Not Present 
X 
X 
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THIN SECTION J 
LOCATION: Meadow Lake (Section 13), Lemhi Range, Idaho. 
Collected approximately 2185 feet above base of section. 
GENERAL STATEMENT: 
r 
Rock Name: Orthoquartzite. 
Principal Cement and / or Matrix Mineralog_y: Secondary silica over-
growths. 
Principal Grain Mineralogy: >99. 5% quartz. 
Grain- Boundary Relationships: Interlocking. 
\ \ 
PLATE DESCRIPTION: Photomicrograph of thin section J showing presence 
of clay minerals (illite ?) between some grain boundaries, interlock-
ing and interpenetration of some quartz grains (overgrowths), and 
inclusions of tourmaline and/or zircon. Crossed nicols, 80 x. 
GRAIN MINERALOGY: 
Number Counted 
Quartz Types 
Nonundula t.ory 42 
Undulatory 148 
Polycrystalline 10 
Total 200 
Other Grain Types (total thin section) 
Total Number 
Carbonate 0 
Feldspar 0 
Tourmaline 3 
Zircon 0 
GRAIN ROUNDING AND GRAIN SHAPE: 
Number Counted 
Well Rounded 21 
Rounded 97 
Sub rounded 17 
Other 0 
Total 135 
Equant 48 
Subequant 122 
Bladed 30 
Total 200 
INCLUSIONS (based on total amount of inclusions): 
Bubble Trains 
Random BubbJes 
Rutile 
Tourmaline and / or Zircon 
Major 
X 
Minor 
X 
Trace 
X 
X 
158 
Percent 
21 
74 
5 
100 
Percent 
16 
72 
12 
0 
100 
24 
61 
15 
100 
Not Present 
MA TRIX AND/OR CEMENT MINERALOGY (based on t.otal amount of matrix/ 
cem~nt): 
Carbonate 
Clay Minerals 
Iron Oxides 
Mica 
Silica Overgrowths 
Major Minor Trace Not Present 
X 
X 
X 
X 
. . X 
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THIN SECTION K 
LOCATION: Meadow Lake (Section 13), Lemhi Range, Idaho. 
Collected approximately 2233 feet above base of section. 
GENERAL STATEMENT: 
Rock Name: Orthoquartzite. 
Principal Cement and/or Ma trix Mineralogy: Secondary silica over-
growths. 
Principal Grain Mineralogy: > 99. 5% quartz. 
Grain-Boundary Relationships: Interlocking. 
PLATE DESCRIPTION: Photomicrograph of thin section K showing interlock-
ing (serrate) quartz grains exhibiting interpenetration, well-rounded 
zircon grain near center of Plate, and subequant tourmaline inclusion. 
Crossed nicols, 80 x. 
GRAIN MINERALOGY: 
Number Counted 
Quartz Types 
Nonundulatory 46 
Undulatory 134 
Polycrystalline 20 
Total 200 
Other Grain Types (total thin section) 
Total Number 
Carbonate 0 
Feldspar 0 
Tourmaline 1 
Zircon 1 
GRAIN ROUNDING AND GRAIN SHAPE: 
Number Counted 
Well Rounded !'i9 
Rounded 74 
Sub rounded 28 
Other 2 
Total 143 
Equant 60 
Subequant 128 
Bladed 12 
Total 200 
INCLUSIONS (based on total amount of inclusions): 
Bubble Trains 
Random Bubbles 
Rutile 
Tourmaline and/or Zircon 
Major Minor 
X 
X 
X 
160 
Percent 
23 
67 
10 
100 
Percent 
27 
52 
20 
1 
100 
30 
64 
6 
100 
Trace Not Present 
--
X 
MA TRIX AND/ OR CEMENT MINERALOGY (based on total amount of matrix/ 
Carbonate 
Clay Minerals 
Iron Oxides 
Mica 
Silica Overgrowths 
cement): 
Major Minor 
X 
Trace Not Present 
--
X 
X 
X 
X 
THIN SECTION L 
LOCATION: Kinnikinic Creek (Section 19; Reference Section 1), Salmon 
River Range, Idaho. 
Collected approximately 45 feet above base of section. 
GENERAL STATEMENT: 
Rock Name: Orthoquartzi te. 
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Principal Cement and/or Matrix Mineralogy: Secondary sili ca over-
growths. 
Principal Grain Mineralogy: > 99. 5% quartz. 
Grain-Boundary Relationships: Interlocking. 
PLATE DESCRIPTION: Photomicrograph of thin section L showing quartz 
grains of two distinct sizes (typical thin section from Kinnikinic 
Creek Reference Section 1). Crossed nicols , 20 x. 
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GRAIN MINERALOGY: 
Number Counted Percent 
Quartz Types 
Nonundula to ry 56 28 
Unctula t.ory 124 62 
Polycrystalline 20 10 
Total 200 100 
other Grain Types (total thin section) 
Total Number 
Carbonate 0 
Feldspar 0 
Tourmaline 6 
Zircon 1 
GRAIN ROUNDING AND GRAIN SHAPE: 
Number Counted Percent 
Well Rounded 14 12 
Rounded 75 67 
Sub rounded 24 21 
Other 0 0 
Total 113 100 
Equant 52 26 
Subequant 128 64 
Bladed 20 10 
Total 200 100 
INCLUSIONS (based on total amount of inclusions): 
Major Minor Trace Not Present 
Bubble Tr ai ns X 
Random Bubbles X 
Rutile X 
Tourmaline and / or Zircon X 
MA TRIX AND/OR CEMENT MINERALOGY (based on total amount of matrix / 
Carbonate 
Clay Minerals 
Iron Oxides 
Mica 
Silica Overgrowths 
cement): 
Major Minor 
X 
X 
X 
Trace Not Present 
X 
X 
APPENDIX D 
SIZE ANALYSES 
163 
Explanation of Charts 
I. lRtters A- L refer to thin sections which are described, with 
Ioca Lions, in Appendix C. 
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2. Solid lines represent corrected thin-section data according to con-
version procedures presented in Friedman (1958). 
3. Both frequency-distribution curves (lower curves) and cumulative-
frequency probability curves (lower curves) are presented in the 
following charts. 
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Table 1. Statistical parameters for the Kinnikinic Formation 
Thin Curve 
Location Section M 
zl M z2 OI Sk1 Type 
Black Canyon- A +2.40 +2. 38 0.749 +0.487 I 
Middle Canyon B . +2.36 t 2. 38 0.803 +0.005 II Section 
C +1.83 +1. 81 0.428 +0.235 I 
D +2.39 +2.41 0;877 -0.264 II 
E +l. 75 +1. 71 0. 386 +0.028 I 
Avg. +2. 15 +2. 14 0.650 +0.098 
---------------------------------------------------------------------
Meadow Lake F +1. 77 +1. 72 0.455 -0.067 II 
Section 
G +2. 12 +2. 10 0.825 +0.134 II 
H +2.32 +2. 30 0.755 -0.270 II 
I +1. 97 +1. 92 0.451 +0. 181 III 
J +2. 18 +2.18 0.491 +0.248 I 
K +212 +2. 11 0.440 +0. 290 III 
Avg. +2.08 +2.06 0.569 +0.086 
--------------------------------------------------------------------
Kinnikinic Creek 
Reference Section I L +2.98 +2. 92 0.548 +0.042 III 
EXPLANATION OF SYMBOLS: M :-c Phi mean; M l (McCammon, 19G2); 
z z 
M (Folk and Ward, 1957); 0 =Inclusive 
z2 I 
graphic standard deviation (sorting); Sk 1 = 
Inclusive graphic skewness. Values are in 
phi units (Krumbein, · 1934). 
Table 2. Averages of pertinent data for Middle Ordovician Cordilleran miogeosynclin aJ orthoquartzites 
Quartzite 
units 
Kinnikinic a 
Formation 
b Swan Peak Fm. 
Upper member 
C Eureka 
Quartzite 
Grain Mineralogy 
o/r, Quartz 
99 
99 
99 
Orig. Original 
shape roundness 
E-SE SR-WR 
E-SE SR-WR 
E-BL SR-WR 
~UARTZ GRAINS Extinction 
Size range Mean size Sorting tvpes 1 % 
(mm) (mm) (phi) }; u p 
0.02-0.72 0.22 0.601 15 79 6 
0. 03-0. 55 0. 16 0.546 27 61 12 
0.05-0.52 0. 14 0.489 21 70 9 
EXPLANATION OF SYMBOLS: E=Equant ; SE =Subequant; BL=Bladed; SR=Subrounded ; WR=Well Rounded; 
N=Non-undulatory; U=Undulatory; P=Polycrystalline. 
aData based on 12 thin sections, t.otal grains counted=2400 (this report). 
bnata based on 18 thin sections, t.otal grains counted =S7 40 (Schulingkamp, 1972). 
cData based on 5 thin sections, t.otal grains counted=1040 (Schulingkamp, 1972). 
.... 
-:i 
<:o 
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APPENDIX F 
MEASURED STRATIGRAPHIC SECTIONS 
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SECTION 1 
Location: Arco Hills Section, approximately 3. 5 miles east-northeast of 
Arco in the Arco Hills, Butte County, Idaho, Sec. 27, T4N, R27E, SE aspect. 
Measured by: Wm. Calvin James and Robert Oak~, Jr. Hand level and 
Jacob staff. 8/ 12/71; 8/ 19 /7 2. 
THICKNESS 
IN FEET 
FISH HAVEN DOLOMITE (Lost River Member) 
2. Dolomite and orthoquartzite, interbedded, dolomite: 
medium light gray (N6) to a light gray (N7); weath-
ers medium dark gray ( N4) to light gray (N7); fine 
crystalline; indistinct parallel laminae; indistinct 
bedding due to poor exposures; fossiliferous (crinoid 
stems, brachiopods, and corals); minor chert nod-
ules; orthoquartzite: medium light gray (N 6) to 
medium bluish gray (5B5/1); weathers medium light 
gray (N6) to medium bluish gray (5B5/1); very fine 
to fine grained; medium-angle, bottom-tangent, 
cross-laminae; occurs as isolated channel deposits 
approximately 2 to 20 feet thick and 50 to 100 feet 
wide; no organic structures observed. . . . . . . . . . . . . --------
1. Mudstone---siltstone; yellowish gray (5Y8/ 1) to light 
gray (N7); weathers yellowish gray (5Y8/1) to med-
ium gray (N5); birdseye (?) structures present; 
poor exposures ....•...............•............. --------
Sharp conw.ct, disconformity 
KINNIKINIC FORMATION 
7. Orthoquartzi te; light gray (N7) to white (N9); 
weathers light gray (N7) to very light gray (N8) 
with pinkish gray (5YR8/l); fine to medium grained; 
interfering oscillation(?) ripples; beds 0. 5-1. 0 
foot thick, ·average 0. 9 foot; parallel bedded; no 
organic structures observed...................... 24 
6. Orthoquartzite; light gray (N7) to white (N9); weath-
ers light gray (N7) to white (N9) with minor yellow-
ish gray (5Y8/1); fine to medium grained; thin, 
parallel laminae; low---and mBdiuni-'a.ngle, bottom -
SECTION 1. CONTINUED 
tangent, west-and east-dipping cross-laminae; 
beds 0. 2-1. 6 feet thick, average 0. 7 foot; par-
allel and minor wavy parallel bedded; minor 
vertical joints; minor vertical and inclined, sim-
THICKNESS 
IN FEET 
ple, burrow-like structures....................... 85 
5. Orthoquartzite; very light gray (NS) to white (N9) 
with minor medium light gray (N6); weathers med-
ium light gray (N6) to white (N9) with minor pinkish 
gray (5YR8/ l); very fine to fine grained; thin, par-
allel laminae; medium-angle, bottom-tangent, east-
west-dipping cross-laminae; beds 0. 4-1. 3 feet 
thick, average 0. 6 foot; parallel bedded; vertical 
joints; numerous spherical weathering(?) pits 
(burrows ? ) . . . . . . . . . • . . . . . . . . . . . . . . . . . • . . . . . . . . . 7 7 
4. Orthoquartzite; white (N9) to medium light gray 
(N6); weathers very light gray (NS) to medium 
light gray (N6); very fine to fine grained; indistinct 
laminae; beds 0. 1-1. 2 feet thick, average 0. 6 foot; 
parallel bedded; indistinct organic structures....... 43 
3. Orthoquartzite; light gray (N7) to white (N9); weath-
ers light gray (N7) to white (N9) with minor light 
brownish gray (5YR6/1); fine to medium grained; 
thin, parallel laminae; low- to high-angle, bottom-
tangent, southwest-dipping cross-laminae; beds 0. 1-
1. 4 feet thick, average 0. 6 foot; parallel bedded; 
heavily burrowed (simple vertical, simple in-
clined, and pinhole-type), Skelithos-like. . . . . . . . . . . . 60 
2. Orthoquartzite; very light gray (NS) to white (N9); 
weathers medium light gray (N6) to very light gray 
(NS); medium grained; parallel laminae; low-
angle, bottom-tangent, north-dipping cross-
laminae; beds 0. 6-1. 2 feet thick, average 0. 8 
foot; parallel and minor wavy parallel bedded; 
minor Skolithos-like burrows...................... 14 
1. Orthoquartzite; light gray (N7), white (N9) and 
pinkish gray (5YR8/1); weathers light gray (N7), 
yellowish gray (5Y8/1) and light brown (5YR5/6); 
fine to medium grained; thin, parallel and wavy 
182 
SECTION 1. CONTINUED 
parallel laminae; high-angle, bott.om tangent, 
southwest-dipping cross-laminae (dnne); beds 0. 3-
1. 2 feet thick, averages 0. 8 foot; parallel bedded; 
183 
THICKNESS 
IN FEET 
no organic structures observed. . . . . . . . . . . . . . . . . 23 
TOTAL THICKNESS 326 
Sharp contact, disconformity 
UNIT 5 of Beutner and Scholten (1967) 
1. Dolomite; medium gray (N5) to light gray (N7); 
weathers medium gray (N5), light gray (N7), and 
yellowish gray (5Y8/l); fine crystalline; parallel 
and wavy parallel laminae; beds 0. 2-0. 5 foot 
thick, average 0. 3 foot; parallel bedded; m organic 
structures observed; becomes very arenaceous near 
top . ...................... & • • • • • • • • • • • • • • • • • • • 23 
Sharp contact, disconformi ty 
CAMBRIAN(?) QUARTZITE 
SECTION 2 
wcation: Black Canyon-Middle Canyon Section, approximately located as 
the most eastern of two outcrop bands between Black Canyon and Middle Canyon, 
Butte County, Idaho, Sec. 3, T6N, R29E, S aspect. 
Measured by: Wm. Calvin James and Robert Oaks, Jr. Taped, steep upper 
part by hand level. 8/9/71. 
FISH HAVEN DOLOMITE 
THICKNESS 
IN FEET 
1. Dolomite; medium gray (N5); weathers medium dark 
gray (N4); medium crystalline; indistinct parallel 
bedded; no organic structures observed ............. --------
Sharp contact, disconformity 
KINNI KINIC FORMATION 
5. Orthoquartzite; light gray (N7) to medium light 
gray (N6) with minor yellowish gray (5Y8/l); 
weathers light gray (N7), very light gray (NS) and 
pinkish gray (5YR8/1); fine to medium grained; 
thin, continuous, parallel laminae; low-angle, 
bottom -tangent, multiple-direction cross -laminae; 
beds 0. 6-1. 0 foot thick, average 0. 8 foot; parallel 
bedded; minor vertical burrows (Skolithos ?). . . . . . . . 8 
4. Orthoquartzite; light gray (N7) to white (N9) with 
minor grayish orange pink (5YR7 /2); weathers 
light gray (N7), very light gray (NS) and pinkish 
gray (5YR8/l); fine to medium grained; thin, par-
allel laminae; low-angle, south-dipping cross-
laminae; beds 0. 3-1. 3 feet thick, average 0. 7 
foot; parallel bedded; numerous vertical joints; 
minor vertical burrows (Skolithos ?). . . . . • . . . . . . . . . . 147 
3. Orthoquartzite; medium light gray (N6), light gray 
(N7) and brownish gray (5YR4/1); weathers med-
ium light gray (N6), light brown (5YR6/4) and local-
ly dark reddish brown (10R3/ 4); fine grained; thin, 
184 
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SECTION 2. CONTINUED 
THICKNESS 
IN FEET 
parallel laminae; medium parallel bedded; verti-
cal joints; no organic structures observed... . . • . . . . 24 
2. Orthoquartzite; very light gray (N8), white (N9) 
and yellowish gray (5Y8/ l); weathers very light 
gray (N8), pinkish gray (5YR8/l) and moderate 
brown (5YR3/4); fine to medium grained; medium-
angle, bottom-tangent cross-laminae; beds 0. 4-
2. 0 feet thick, average 0. 8 foot; parallel bedded; 
vertical joints; no organic structures observed. . . . . . 135 
1. Orthoquartzite; light gray (N7) to white (N9) with 
light brown (5YR6/ 4) and grayish orange (10YR7 / 4); 
weathers light brown (5YR6/4) and 5YR5/6), light 
brownish gray (5YR6/l), and light gray (N7); fine 
to medium grained; thin, continuous and discon-
tinuous, parallel and wavy parallel laminae; med-
ium -angle, bottom -tangent, south-dipping cross -
laminae; beds 0. 1-2. 4 feet thick, average 0. 8 
foot; parallel bedded; numerous vertical joints; 
small spherical weathering (?) pits present 
throughout unit; iron-oxide staining present; local 
Liesegang banding; minor Skolithos-type burrows 
present. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 141 
TOT AL THICKNESS 455 
Sharp cont.'lct, disconformity 
UNIT 5 of Beutner and Scholten (1967) 
1. Dolomite; medium light gray (N6), light gray (N7) 
and light brownish gray (5YR6/l); weathers med-
ium gray (N5) to very light gray (N8) and yellowish 
gray (5Y8/l); fine to medium crystalline; thin, 
parallel and wavy parallel laminae; thin parallel 
bedded; some algal laminations; becomes 
arenaceous near top. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 54 
Sharp contact, disconformity 
CAMBRIAN(?) QUARTZITE 
SECTION 3 
Location: Black Canyon Section, NEl/4, Sec. 4 and Nl/2, Sec. 3, T6N, 
R29E, Butte County, Idaho, 
Measured by: Michael Churkin, Jr. (1961). 
186 
THICKNESS 
IN FEET 
JEFFERSON DOLOMITE 
FISH HAVEN DOLOMITE 
4. Dolomite; medium dark gray (N4); weathers medium 
light gray (N6); microcrystalline. . . . . . . . . . . . . . . . . . . 26 
3. Covered interval. . . . • . . . . . . . . . . • . . . . • . . . . . . . . . . . . 4 
2. Quartzite very thinly interbedded with dolomitic _quartz 
arell.ite. . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4 
1. Quartzite; white (N9); fine grained; very thin bedded; 
abundant phyllitic partings; weathered surfaces 
stained various shades of yellow, brown, and red by 
iron oxide....................................... 22 
TOTAL THICKNESS 56 
KINNIKINIC QUARTZITE 
1. Quartzite; white (N9) to pinkish gray (5YR8/1); 
fine grained; thin to thick bedded; stained light 
brown (5YR6/4 to 5YR5/6) by iron oxide............ 603 
TOTAL THICKNESS 603 
BELT SERIES 
1. Dolomite and quartzite ..............•...•.•...•... --------
SECTION 4 
I.ocation: Mormon Gulch Section, measured in the first unnamed canyon 
south of Mormon Gulch, Butte County, Idaho, SWl/4, Sec. 30 to NWl/4, 
Sec. 3 1 , T8 N, R 29 E , S as pee t. 
Measured by: Wm. Calvin James and Robert Oaks, Jr. Hand level and 
Jacob staff. 9/25/71. 
FISH HAVEN DOLOMITE 
2. Dolomite; medium dark gray (N4); weathers med-
ium light gray (N6) to light olive gray (5Y6/l); 
THICKNESS 
IN FEET 
fine crystalline; thin to medium bedded; local light 
olive gray (5Y6/l) chert nodules; locally arenaceous; 
minor marly partings ........................•.... --------
1. Dolomite and orthoquartzite, interbedded; dolomite: 
medium dark gray (N4) to yellowish gray (5Y8/l); 
weathers medium light gray (N6) to light olive gray 
(5Y6/1); fine to medium crystalline; local algal 
laminae; minor marly partings, orthoquartzite: 
brownish gray (5YR4/l); weathers moderate brown 
(5YR4/4), light brown (5YR5/6), and pale yellowish 
brown (10YR6/2); fine to medium grained; channel 
deposits, up to 15 feet thick, pinch out within 600 
feet both north and south of measured section); Lost 
River Member,,,,,,., .. , ... ,, ................... --------
Sharp contact, disconformity 
KINNI KINIC FORMATION 
4. Orthoquartzite; white (N9) with minor pinkish gray 
(5YR8/1) and yellowish gray (5Y8/l); weathers 
white (N9), light gray (N7), and light brown (5YR5/6 
and 5YR6/ 4); fine to medium grained; indistinct par-
alJe land south--:dipping ~ross-laminae; beds 0. 2-
1. 5 feet thick, average 0. 6 foot; parallel bedded; 
vertical joints; abundant weathering(?) pits occur 
in a zone 100 feet thick from approximately 90 feet 
187 
SECTION 4. CONTINUED 
below the Fish Haven contact to 45 feet above the 
THICKNESS 
IN FEET 
contact with Unit 3. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • 23 5 
3. Sandstone; grayish orange (10YR7 / 4) to moderate 
brown (5YR4/ 4); weathers moderate brown (5YR4/ 4) 
to pale yellowish orange (10YR8/6); medium to 
coarse grained; abundant, low- to high-angle, gen-
erally bottom-tangent, west- and southwest-dipping 
cross-laminae; beds 0. 4-1. 4 feet thick, average 0. 6 
foot; parallel bedded; minor vertical joints; minor, 
bowl-shaped, large (>0.1 feet), weathering(?) pits; 
locally friable; dolomite (ankerite?) cemented; 
local Fe-stained; minor orthoquartzite interbeds.... 71 
2. Orthoquartzite; white (N9), pinkish gray (5YR8/l), 
and minor gray orange (10YR7/4); weathers very 
light gray (NS), dark yellowish orange (10YR6/6) 
and light brown (5YR5/6); fine to coarse grained; 
indistinct, parallel laminae; local, medium-
angle, south- and west-dipping, generally bot-
tom-tangent cross-laminae; beds 0. 3-2. 0 feet 
thick, average 0. S foot; parallel bedded; vertical 
joints; weathering(?) pits are absent to moderate-
ly abundant; minor sandstone beds increasing in 
abundance upward . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . 3 55 
1. Orthoquartzite; very light gray (NS) to grayish 
orange (10YR7 / 4); weathers moderate brown 
(5YR3/ 4 and 5YR4/ 4), light brown (5YR5/6), 
and very light gray (N8); fine to medium grained; 
minor, east-dipping cross-laminae; beds 0. 2-
2. 1 feet thick, average 0. 7 foot; parallel bedded; 
no weathering(?) pits or other organic structures 
observed. . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 94 
TOTAL THICKNESS 755 
Sharp contact, dis conformity ( ?) 
CAMBRIAN(?) QUARTZITE 
188 
189 
SECTION 5 
Location: Elbow Canyon Section, approximately 5. 2 miles east of the junc-
tion of Elbow Canyon Road and Pass Creek Road, Butte County, Idaho, Sec. 
9, T7N, R26E, S aspect. 
Measured by: Wm. Calvin James and Robert Oaks, Jr. Hand level and 
Jacob staff. 8/ 13/71. 
FISH HA VEN DOLOMITE 
2. Dolomite; medium gray (N5) to medium light gray 
(N6): weathers dark gray (N3) to medium light gray 
(N6); fine crystalline; indistinct laminae; medium 
parallel bedded; numerous fossil fragments (corals, 
THICKNESS 
IN FEET 
crinoid stems, and brachiopod shell hash) ........... --------
1. Dolomite and orthoquartzite, interbedded, dolomite: 
medium gray (N5) to light gray (N7); weathers 
medium grd.y (N5) to light gray (N7) with minor 
light brownish gray (5YR6/l); fine to medium 
crystalline; numerous thin, marly laminae; arenace-
ous; forms saddles; reworked cobbles of orthoquartz-
ite in lower 0. 5 feet of unit; orthoquartzite: light 
gray (N7) to very light gray (N8); weathers light 
gray (N7); fine to medium grained; lower orthoquartz-
i te approximately 2. 0 feet thick, upper orthoquartz -
ite approximately 16. 0 feet thick; no organic struc-
tures observed throughout unit; Lost River Mem-
ber ............................................. --------
Sharp contact, disconformity 
KINNIKINIC FORMATION 
5. Orthoquartzite; pinkish gray (5YR8/l) to white (N9); 
weathers light brownish gray (5YR6/l) and pinkish 
gray (5YR8/1) to very light gray (N8); fine grained; 
thin, continuous and discontinuous, parallel laminae; 
low- and medium-angle, bottom-tangent, south-
190 
SECTION 5. CONTINUED 
THICKNESS 
IN FEET 
dipping cross-laminae; beds O. 7-1. 0 foot thick, 
average 0. 9 foot; parallel bedded; numerous 
joints; locally, discontinuous light- and dark-
colored weathering band in upper 50. 0 feet; 
physical sedimentary structures obscure in low-
er 60. 0 feet of unit; no organic structures ob-
served.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 142 
4. Covered interval; white (N9) to light brownish gray 
(5YR6/l) orthoquartzite in talus; minor pinhole-
type burrows in talus............................. 147 
3. Orthoquartzite; white (N9) to pinkish gray (5YR8/l); 
weathers very light gray (N8), pinkish gray 
(5YR8/l), and light brownish gray (5YR6/l); very 
fine to fine grained; indistinct laminae; beds 0. 5-
1. 2 feet thick, average 0. 9 foot; parallel bedded ; 
minor simple pinhole-type burrows. . . . . . . . . . . . . . . . 57 
2. Covered to poorly exposed interval; medium light 
gray (N6) to white (N9) orthoquartzite in talus....... 44 
1. Orthoquartzite; white (N9) to light brownish gray 
(5YR6/l); weathers very light gray (N8) to light 
brownish gray (5YR6/l); fine to medium grained; 
thin, parallel laminae; low- to medium-angle, 
bottom-tangent cross-laminae; beds 0. 3-1. 3 
feet thick, average 0. 7 foot; numerous joints; 
locally minor indistinct burrows; minor reddish 
brown (10R3/ 4) weathering in lower 5. 0 feet of 
unit . .... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 234 
TOTAL THICKNESS 624 
Sharp contact, disconformi ty 
UNIT 5 of Beutner and Scholten (1967). 
1. Domomite; light gray (N7), medium gray (N5), 
and brownish gray (5YR5/l); weathers medium 
gray (N5), light brownish gray (5YR6/l) and light 
SECTION 5. CONTINUED 
gray (N7); fine crystalline; minor marly laminations; 
thin to very thin bedding moderately exposed, but 
poorly defined; arenaceous; no organic structures 
191 
THICKNESS 
IN FEET 
observed. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 34 
Sharp contact, disconformity 
CAMBRIAN(?) QUARTZITE 
192 
SECTION 6 
Location : Elkhorn Creek Section, measured near crest of ridge along NE 
side of the left fork of Elkhorn Creek, Custer County, Idaho, NEl/4, Sec. 
19, T!lN, R23E, SE aspect. 
Measured by: Wm. Calvin Ja~s and Robert Oaks, Jr. Taped. 8/28-
29/71 ; 8/20, 24/72. 
FISH HAVE DOLOMITE 
2. Dolomite; medium gray (N5); weathers medium dark 
gray (N4) to medium light gray (N6); medium par-
THICKNESS 
IN FEET 
allel bedded .. . .................................. --------
1. Dolomite and minor sandstone; dolomite: weath-
ers medium gray (N5); locally sandy; sandstone: 
weathers medium dark gray (N4); dolomite ce-
mented ; poor exposures; Lost River Member . . . . ... . --------
Sharp contact, disconformity 
KINNIKINIC FORMATION 
3. Orthoquartzite; very light gray (N8) to medium 
light gray (N6), with minor yellowish gray (5Y8/1); 
weathers medium light gray (N6), very light gray 
(N8), light brown (5YR5/6), light olive gray 
(5Y6/1), and yellowish gray (5Y8/1); fine to coarse 
grained ; minor indistinct parallel laminae; minor, 
medium-angle, bottom-tangent, south-dipping 
corss-laminae; generally indistinct bedding; loc-
ally, beds O. 3-0. 9 foot thick, average 0. 6 foot; 
locally parallel bedded; severely jointed; iron 
oxide staining in lower portion of unit; minor 
weathering(?) pits occur in zones 5. 0-10. O feet 
thick throughout unit. . . . . . . . . . . . . . . . . . . . . . . . . . . . . 686 
2. Sandstone; grayish orange (10YR7/4), light brown 
(5YR6/ 4), and light gray (N7); weathers grayish 
orange (10YR7 / 4) to moderate brown (5YR4/ 4); 
medium to coarse grained; indistinct laminae; 
193 
SECTION 6. CONTINUED 
THICKNESS 
IN FEET 
beds O. 6-1. 4 feet thick, average 0. 9 foot; parallel 
bedded; vertical joints; no organic structures obser-
ved; dolomite cemented........................... 18 
1. Orthoquartzite; light gray (N7) to white (N9); weath-
ers light brown (5YR5/ 6), moderate brown (5YR4/ 4), 
and light gray (N7); fine to medium grained; indistinct 
parallel laminae; medium parallel bedded; vertical 
joints; no organic structures observed. . . . . . . . . . . . . . 15 
TOTAL THICKNESS 719 
Sharp contact, disconformity 
UNIT 5 of Beutner and Scholten (1967) 
3. Dolomite; medium dark gray (N4) to light gray (N7) 
and minor grayish orange (10YR7 / 4); weathers 
medium gray (N5) to light olive gray (5Y6/l); fine 
to very fine crystalline; possible algal lamiae; 
medium paralle 1 bedded ......................... . 
2. Dolomite; medium dark gray (N4); weathers medium 
gray (N5) to light olive gray (5Y6/1); medium bedded; 
25 
very arenaceous................................. 30 
1. Dolomite; medium gray (N5); weathers medium gray 
(N5), light gray (N7), and grayish orange (10YR7/4): 
fine crystalline; thin, parallel laminae (some silty 
and sandy); convoluted algal laminae; medium-angle 
cross-laminae; thin to thick, parallel and wavy par-
allel bedded; possible dessication features. . . . . . . . . • 7 5 
TOTAL THICKNESS -, 130 
Fault contact 
PRECAMBRIAN UNIT(?) 
SECTION 7 
Location: Hawley Mountain Section, top of section approximately at the 
crest of Hawley Mountain, Butte County, Idaho, Sl/2, Sec. 15, T9N, 
R26E, N aspect (top of Section S aspect). 
194 
Measured by: Wm. Calvin James and Robert Oaks, Jr. Taped. 8/23/72. 
FISH HAVEN DOLOMITE 
2. Dolomite; medium dark gray (N4); weathers med-
ium gray (N5), medium light gray (N6) and Jight 
olive gray (5Y6/1); fine crystalline; thin to 
medium bedded; numerous, discontinuous, marly 
partings generally parallel to the bedding; fossil-
THICKNESS 
IN FEET 
iferous (corals and crinoid fragments) .............. --------
1. Orthoquartzite, dolomite and sandstone, interbedded; 
orthoquartzite: pale red (10R6/2), light olive gray 
(5Y6/l), pale yellowish brown (10YR6/2), moderate 
reddish brown (5R4/6) and minor grayish red purple 
(5RP4/2); weathers pale red (10R6/2), moderate yel-
lowish brown (10YR5/ 4), dark yellowish brown 
(10YR4/2) and dark reddish brown (10R3/ 4); very 
fine to fine grained; parallel laminae; beds 0. 4-1. 8 
feet, average 1. 1 feet; no organic structures obser-
ved; liesegang banding; trace of pyrite; dolomite: 
pale yellowish brown (10YR6/2), light brownish 
gray (5YR6/l) and pale reddish brown (l0RS/4); 
weathers dark yellowish brown (10YR4/2) and mod-
erate yellowish brown (10YR5/ 4); fine crystalline; 
locally silty; sandstone: dark yellowish orange 
(10YR6/6); weathers pale yellowish brown (10YR6/2); 
medium grained; entire unit pinches out laterally; 
Lost River Member.............................. 116 
Sharp contact, disconformity 
195 
SECTION 7. CONTINUED 
THICKNESS 
IN FEET 
KINNIKINIC FORMATION 
7. Orthoquartzite; white (N9) to very light gray (NS); 
weathers white (N9) with minor light brown (5YR6/ 4~ 
and moderate brown (5YR4/ 4); medium grained; 
minor, parallel laminae; medium - to high-angle, 
southeast- and northwest-dipping, bottom-tangent, 
cross-laminae; beds 0. 2-2. 1 feet, average 0. 6 foot; 
parallel bedded; moderately abundant joints; weath-
ering(?) pits< 0. 01-0. 1 foot, more numerous to-
ward top of unit .......................•... ; . . . . . . 224 
6 Orthoquartzit.e; whit.e (N9), to light gray (N7); 
weathers white (N9), light brown (5YR5/6), 
moderate brown (5YR4/ 4) and moderate yellow-
ish brown (10YR5/ 4); fine to medium grained; 
thin, parallel and minor curving parallel laminae; 
numerous, medium - to high-angle, generally bot-
tom -tangent, cross-laminae; beds 0. 2-2. 4 feet, 
average 0. 6 foot; lenticular or nonparallel and par-
allel bedded; vertical and diagonal joints; minor 
weathering( ? ) pi ts . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5 86 
5. Orthoquartzite; very pale orange (l0YRS/2), light 
gray (N7) and light brownish gray (5YR6/1); 
weathers moderate yellowish brown (10YR5/ 4), 
light brown (5YR5/6) and white (N9); coarse to very 
coarse grained ; indistinct, thin, parallel laminae; 
beds 0. 3-1. 2 feet, average 0. 7 foot; parallel bed-
ded; vertical joints; weathering(?) pits increase 
in abundance downward in unit; minor, vertical 
and inclined, simple burrows (Skolithos ?); minor 
iron oxide staining. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 196 
4. Covered interval; pale yellowish brown (10YR6/2), 
white (N9) and light brown (5YR5/6) weathering 
orthoquartzite in float; isolat.ed exposures. . . . . . . . . . 198 
3. Orthoquartzite; white (N9) to light gray (N7); 
weathers whit.e (N9), moderate brown (5YR4/ 4) and 
minor moderate yellowish brown (10 YRS/ 4); med-
ium to coarse grained; thin to medium, continuous 
SECTION 7. CONTINUED 
and discontinuous, parallel laminae; beds 0. 2-1.1 
feet, averag e 0. 4 foot; parallel bedded; minor 
196 
THICKNESS 
IN FEET 
joints; minor weathering(?) pits. . . . . . . . . . . . . . . . . 243 
2. 
1. 
Covered interval; white (N9), moderate brown 
(5YR4/ 4) and pale red (10R6/2) weathering ortho-
quartzite in fl.oat; isolated exposures ........•.... 
Orthoquartzite; white (N9) to light gray (N7); 
weathers white (N9), light brown (5YR5/6) and 
moderate yellowish brown (10YR5/4); medium 
grained; minor, high-angle, west-dipping, non-
bottom-tangent, cross-laminae; beds 0. 1-0. 9 
foot, average 0. 4 foot; parallel bedded; minor 
weathering(?) pits . . .......................... . 
270 
199 
TOTAL THICKNESS 1923 
CAMBRIAN(?) QUARTZITE 
2. 
1. 
Covered interval (saddle) -........ ....... ...... . 
Orthoquartzite; iron-oxide-weathering zone at top 
of unit .. . ..................... . ...... . ....... . 
46 
197 
SECTION 8 
l.Dcation : Foss Mountain Section, located on west facing slope near crest 
of Foss Mountain, Butte County, Idaho, SWl/4, Sec. 14 to Sl/2, Sec. 13, 
Tl0N, R27E, SW aspect. 
Measured by: Wm. Calvin James and Robert Oaks, Jr. Hand level and 
Jacob staff . 8/ 10-11/71. 
FISH HA VEN DOLOMITE 
2. Dolomite; medium gray (NS) to light gray (N7); 
weathers medium gray (NS) with minor yellowish 
THICKNESS 
IN FEET 
gray (5Y8/1); medium crystalline; poor exposures. --------
1. Shale; pale red (5R6/2), grayish red (5R4/2), 
light red (5R6/6) and yellowish gray (5Y6/1); 
weathered colors same as unweathered colors; 
(less than 1 foot thick).......................... --------
Sharp contact, disconformity 
KINNIKINIC FORMATION 
G. Orthoquartzite ; light gray (N7), pinkish gray (SYS/ 1) 
and light brownish gray (5YR6/1); weathers light 
gray (N7), very light gray (NS), light brownish gray 
(5YR6/l) and grayish orange pink (5YR7 /2); fine 
to medium grained; indistinct laminae and bedding; 
numerous vertical joints; no organic structures 
observed; iron oxide-rich zone in upper 3. 0 feet 
of un.i.t. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7 4 
5. Structurally complex zone; orthoquartzite........ 400 
4. Orthoquartzite; very light gray (NS) to light brown-
ish gray (5YR6/l); weathers light brownish gray 
(5YR6/l) to very light gray (NS); fine to medium 
grained; thin, parallel laminae; high-angle, bottom-
tangent, cross-laminae; beds 0. 4-1. 8 feet, average 
0. 7 foot; parallel bedded; numerous joints; moder-
ately abundant pinhole-type burrows. . . . . . . . . . . . . 240 
SECTION 8. CONTINUED 
3. Orthoquartzite; very light gray (N8), light gray (N7) 
and pinkish gray (5YR8/l); weathers light gray (N7), 
pinkish gray (5YR8/1) and minor light brownish 
gray (5YR6/l); fine to medium grained; thin, parall-
el lamimle; medium-angle, bottom- tangent, cross-
laminae; beds 0. 2-1. 4 feet, average 0. 8 foot; par-
198 
THICKNESS 
IN FEET 
allel bedded; no organic structures observed..... 209 
2. Orthoquartzite; light gray (N7), very light gray (NB), 
pinkish gray (5YR8/1) and minor grayish pink 
(5R8/2); weathers light gray (N7), light brownish 
gray (5YR6/l) and pinkish gray (5YR8/1); very 
fine to medium grained; indistinct laminae; beds 
0. 3-1. 3 feet, average 0. 8 foot; Skolithos-like bur-
rows; small weathering(?) pits.... . ............. 187 
1. Covered interval ; light gray (N7) t;o pinkish gray 
(5YR8/l) quartzite in slope; minor isolated expo-
sures; fine to medium grained; no organix struc-
tures observed . .............................. . 
TOTAL THICKNESS 
Contact at highest occurrence of Unit 5 talm ; 
UNIT 5 of Beutner and Scholten (1967) 
1. Dolomite; dark gray (N3) to light gray (N7) and 
minor light brownish gray (5YR6/l); weathers med-
ium darl gray (N4), light gray (N7) and light brown-
ish gray (5YR6/ l); fine crystalline; minor algal 
laminae; becomes very arenaceous dolomite t;o dolo-
mite-cemented sandstone in approximately the upper 
282 
> 992 ; < 1392 
40. O feet of the unit. . . . • . . . . . . • . . . • . • . . . . • • • • . . 110 
Sharp contact, disconformity 
CAMBRIAN(?) QUARTZITE 
199 
SECTION 9 
Location: Italian Canyon Section, located at sharp double bend in canyon, 
approximately 2. 2 miles from mouth of Italian Canyon, Lemhi County, 
Idaho, SEl/4, Sec. 25, Tl2N, R29E to El/2, Sec. 30, Tl2N, R30E, 
SW aspect . 
Measured by: Wm. Calvin James and Robert Oaks, Jr. Taped. 8/22/72. 
JEFFERSON FORMATION(?) 
2. Dolomite, mudstone, shale, and limestone, 
interbedded ; dolomite and limestone: ,dark gray 
(N3), medium gray (N5) and light olive gray (5Y6/1); 
weathers medium light gray (N6), light brownish 
gray (5YR6/l) and light olive gray (5Y6/l); thin to 
medium, continuous, parallel and wavy parallel 
laminae; indistinct bedding due to poor exposures; 
minor medium gray (N5) chert nodules; locally 
arenaceous; mudstone and shale: medium gray (N5); 
weathers medium gray (N5) to light olive gray 
(5Y6/l); very thin to thin, continuous, parallel 
laminae; indistinct bedding due to poor exposures; 
THICKNESS 
IN FEET 
crinoid stems present throughout unit. . . . . . . . . . . . --------
1. Sandstone and dolomite, interbedded, dolomite: weath-
ers medium gray (N5); sandstone: yellowish gray 
(5Y8/l) to light olive gray (5Y6/l); weathers light 
olive gray (5Y6/l) to grayish orange (10YR7/4); 
poor exposures ........•..........••.•.....••.. 
Sharp contact, disconformity 
KINNIKINIC FORMATION 
3. Orthoquartzite; light olive gray (5Y6/l), light gray 
(N7) and grayish orange (10YR7 / 4); weathers light 
brown (5YR5/6), moderate brown (5YR4/4), pale 
yellowish brown (10YR6/2) and very light gray (NS); 
medium grained; minor, discontinuous, parallel 
laminae; medium-angle, bottom-tangent. south-
west-dipping, cross-laminae; beds O. 2-0. 7 foot, 
average 0. 5 foot; parallel bedded; some vertical, 
200 
SECTION 9. CONTINUED 
THICKNESS 
IN FEET 
inclined, and horizontal simple burrows; weath-
ering(?) pits < 0. 1-0. 2 foot, average 0. 1 foot in 
diameter, spherical, maximum of 5 concentric 
rings observed in cross -section. . . . . . . . . . . . . . . . . 10 
2. . Orthoquartzite; white (N9), light gray (N7) and light 
olive gray (5Y6/1); weathers light brown (5YR5/6), 
moderate brown (5YR4/ 4), very light gray (N8) and 
medium gray (N5); fine to medium grained; thin to 
medium, continuous and discontinuous, parallel 
laminae; medium- to high-angle, generally bottom-
tangent, southwest-dipping, cross-laminae; beds 
0. 3-2. 0 feet, average 0. 7 foot; parallel bedded; 
vertical joints; iron oxide staining locally; no dis-
tinguishable organic structures observed. . . . . . . . . 326 
1. Covered interval; generally light gray (N7) to white 
(N9); moderate brown (5YR4/ 4), white (N9), pinkish 
gray (5YR8/ 1) and minor dark reddish brown 
(10R3/ 4) weathering orthoquartzite in float. . . . . . . . 677 
TOTAL THICKNESS 1013 
Indistinct contact, covered by talus 
CAMBRIAN(?) QUARTZITE 
1. Orthoquartzite; weathers moderate red (5R5/ 4 and 
5R4/6) to dark reddish brown (10R3/4); distinct 
weathered color difference from Kinnikinic Forma-
tion talus . ................................... . 
PRECAMBRIAN QUARTZITE 
SECTION 10 
Location : Magµil' Spring-s Section, located on the• Routh side of Magpie 
Springs Cirnyon, Lemhi County, Idaho, NE14, Sec. 32, TllN, R27E, 
SW aspect. 
Measured by: Wm. Calvin James and Robert Oaks, Jr. Hand level and 
Jacob staff. 9/1/71. 
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THICKNESS 
IN FEET 
KINNIKINIC FORMATION 
Normal Fault 
FISH HA VEN DOLOMITE 
2. Dolomite; medium gray (N5); weathers light gray 
to light olive gray (5Y6/l); medium crystalline; 
minor marly partings; numerous fossil fragments; 
poor exposurers............................... 121 
1. Orthoquartzite and minor sandy dolomites; white 
(N9), moderate brown (5YR4/ 4) and pale reddish 
brown (10R5/ 4), int:erbedded; weathers white (N9), 
pale yellowish brown (10YR6/2) and moderate 
brown (5YT3/ 4); fine to coarse grained; parallel 
laminae; beds 0. 4-0. 9 foot, average 0. 6 foot; par-
allel bedded ; portion of unit dolomite-cemented; 
minor, horizontal, simple burrows; Lost River 
Member . . ............•...........•........... 
Contact at lowest occurrence of sandy dolomite. 
KINNIKINIC FORMATION 
6. Orthoquartzite; medium gray (N5), white (N9), 
light olive gray (5Y6/l) and light brown (5YR5/6); 
weathers light brown (5YR5/6), moderate brown 
(5YR4/ 4) and white (N9); fine to medium grained; 
indistinct parallel laminae; beds 0. 7-0. 9 foot, 
average 0. 8 foot; parallel bedded; minor joints; no 
organic structures observed ................... . 
5. Orthoquartzite; white (N9), very light gray (NS) and 
yellowish gray (5Y8/l); weathers white (N9) to light 
153 
85 
202 
SECTION 10. CONTINUED 
4. 
3. 
2. 
1. 
THICKNESS 
IN FEET 
brown (5YR5/6); fine to coarse grained; indistinct 
parallel laminae; beds 0. 2-1. 0 foot, average O. 6 foot; 
parallel bedded; numerous joints; no organic struc-
tures observed. . . . . • . . . . . . . . . . . . . . . . . • . . . . . . . . 695 
Covered interval; light brown (5YR5/6), pale 
reddish brown (10R5/ 4) and white (N9) weathering 
orthoquartzite in float; isolated exposures ........ 276 
Orthoquartzite; white (N9), medium light gray (N6), 
pinkish gray (5YR8/l) and very pale orange (10YR8/ 
2); weathers white (N9), very light gray (N8), gray-
ish orange (10YR7 / 4), pinkish gray (5YR8/l) and 
light brown (5YR5/6); fine to coarse grained; thin, 
parallel laminae; beds 0. 3-1. 5 feet, average 0. 7 
foot; parallel bedded; numerous joints; no organic 
structures observed ................•...•...... 553 
Orthoquartzi te; very light gray (N8), white (N9) 
and pinkish gray (5YR8/l); weathers veryJightgray 
(N8) with minor light brown (5YR6/4 and 5YR5/6); 
fine to coarse grained; indistinct, thin, parallel 
laminae; minor, medium -angle, bottom -tangent, 
cross-laminae; beds 0. 4-0. 9 foot, average O. 6 
foot; parallel bedded; minor joints; minor, verti-
cal, simple, Skolithos-like burrows ............. 263 
Orthoquartzite; white (N9), very light gray (N8) and 
brownish gray (5YR8/l); weathers pinkish gray 
(5YR8/l), light olive gray (5Y6/l), light brown 
(5YR5/6) and light gray (N7); fine to medium 
grained; minor, thin, parallel laminae; beds O. 3-
0. 9 foot, average 0. 6 foot; parallel bedded; numer-
ous joints; no organic structures observed ....... 117 
TOTAL THICKNESS 1989 
SECTION 10. CONTINUED 
Sharp contact, disconformity 
UNIT 5 of Beutner and Scholten (1967) 
1. Dolomite; light brownish gray (5YR6/l), moderate 
red (5R4/ 6 and 5R5/4) and medium dark gray (N4); 
weathers light brownish gray (5YR6/l), pale red-
dish brown (lORS/4), pale yellowish brown (10YR6/ 
2) and medium gray (NS); very fine to fine crystal-
line ; wavy parallel, algal (?) laminae; thin to med -
ium, parallel bedded; numerous marly partings; 
s andy near top of unit ...•. . ........ • ...... . . . .. 
Sharp contact, disconformity 
CAMBRIAN(?) QUARTZITE 
203 
THICKNESS 
IN FEET 
121 
SECTION 11 
Location: Donkey Hills Section, located near crest of Donkey Hills (BM 
9550), Custer County, Idaho, SEl/4, Sec. 23toNEl/4, Sec. 26, TllN, 
R24E; N aspect near base, S aspect near top. 
Measured by: Wm. Calvin James and Robert Oaks, Jr. Taped. 9/2/71. 
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THICKNESS 
IN FEET 
FISH HAVEN DOLOMITE 
1. Dolomite; medium gray (N5); weathers light gray (N7) 
to dark gray (N4); _IXl.rallel laminae; thin to medium 
parallel bedded; numerous fossil fragments (crinoids 
and brachiopods). . . . . . . . . . . . . . . . . . . . • . . . • • . . . . --------
Sharp contact, disconformity 
KINNIKINIC FORMATION 
3. Orthoquartzite; moderate brown (5YR4/4), light 
brown (5YR5/6), dusky red (5R3/ 4) and light gray 
(N7) ; weathers light brown (5YR5/6), moderate 
brown (5YR4/4) and dark reddish brown (10R3/4); 
coarse grained; indistinct laminae and bedding 
due to severe jointing; no organic structures ob-
served. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 45 
2. Covered interval; structurally complex; white (N9) 
medium gray (N5), light brown (5YR5/6) and light 
olive gray (5Y6/ 1) weathering orthoquartzite in 
float; isolated outcrops. . . . . . . . . . . . . . • • . . . . • • • . . 1128 
1. Orthoquartzite; white (N9), light gray (N7), pink-
ish gray (5YR8/l) and light brownish gray (5YR6/1); 
weathers white (N9), light gray (N7), light brown 
(5YR5/6) and light olive gray (5Y6/l); .fine to 
coarse grained; indistinct laminae and bedding due 
to very severe jointing; no organic structures ob-
served; good to poor exposures................. 836 
TOTAL THICKNESS > 881;< 2009 
SECTION 11. CONTINUED 
Sha.rp contact, disconformity 
UNIT 5 of Beutner and Scholten (1967) 
1. Dolomite; medium gray (N5); weathers light gray 
(N7), light olive gray (5Y6/l) and moderate yellow-
ish brown (10YR5 / 4); poor exposures; isolated ero-
205 
TlflCKNESS 
IN FEET 
sional remnants. . . . . . . . . • . . . . • . . • . • . . . . . . . • . • . < 25 
Sharp contact, disconformity 
CAMBRIAN(?) QUARTZITE 
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SECTION 12 
Location: Summerhouse Canyon Section, located at southeast end of ridge 
northeast of Summerhouse Canyon Road, Custer County, Idaho, SEl/4, 
Sec. 35 to SEl/4, Sec. 36, T12N, R25E, S aspect. 
Measured by: Wm. Calvin James and Robert Oaks, Jr. Taped. 8/30/71; 
9/24/71. 
FISH HAVEN DOLOMITE (Lost River Member, Unit 1-3) 
THICKNESS 
IN FEET 
4. Dolomite; medium gray (N5); weathers medium gray 
(N5), light gray (N7) and light olive gray (5Y6/l); fine 
crystalline; poor exposures; silty and sandy laminae 
3. 
2. 
in lower portion of unit......................... --------
Sandstone and orthoquartzite; sandstone: grayish 
orange (10YR7 / 4); weathers light olive gray 
(5Y6/1) to pale yellowish orange (10YR8/6); 
medium grained; orthoquartzite: medium bluish 
gray (5B5/l); weathers medium bluish gray (5B5/I) 
to light bluish gray (5B7 /1); fine grained; unit 
pinches out laterally within 200 feet ...........•. 
Orthoquartzite; white (N9), medium light gray (N6) 
and moderate red (5R5/ 4); weathers light brownish 
gray (5YR6/l), moderate red (5R5/4), light brown 
(5YR5/6) and very light gray (NS); medium to 
coarse grained; unit pinches out laterally ....•.... 
1. Dolomit.e and siltstone; medium gray (N5); weathers 
grayish red (5R4/2) to moderat.e reddish brown 
( 10R4/ 6) .•••••••••••••••••••••••••••••••••• • • • 
Sharp contact, disconformity 
KINNIKINIC FORMATION 
6. Orthoquartzite; very light gray (NS) to white ( N9); 
weathers very light gray (NS) to white (N9); fine 
grained; indistinct laminae and bedding; numerous 
207 
SECTION 12. CONTINUED 
THICKNESS 
IN FEET 
vertical joints; no organic structures observed; 
good exposures. . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . 67 
5. Covered interval; light gray (N7), white (N9), pink-
ish gray (5YRS/l) and yellowish gray (5YS/l); very 
light gray (NS) to light olive gray (5Y6/l) weathering 
orthoquartzite in talus; very fine to coarse grained; 
isolated exposures........ . . . . . . . . . . . . . . . . . . . . . 437 
4. Orthoquartzite; very light gray (NS), pinkish gray 
(5YRS/l), yellowish gray (5YS/l) and very pale 
orange (l0YRS/2); weathers very light gray (NS), 
light gray (N7), pinkish gray (5YRS/ 1), grayish 
orange (10YR7 / 4) and light brown (5YR5/6); very 
fine to medium grained; indistinct laminae; bed-
ding where distinct is parallel; numerous verti-
cal and diagonal joints; minor to moderately abun-
dant weathering(?) pits (burrows ?) occurring in 
zones. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 243 
3. Orthoquartzite; very light gray (NS) to pinkish 
gray (5YRS / 1); weathers light gray (N7), very 
light gray (NS), pinkish gray (5YRS/ 1) and light 
brown (5YR6 / 4); very fine to coarse grained; 
indistinct, parallel laminae; medium-angle, 
south-, west- and east-dipping, bottom-tangent, 
cross-laminae; beds 0. 3-1. 3 feet, average 0. 7 
foot; parallel bedded; numerous joints; minor 
bowl-shaped weathering(?) pits ................ . 
2. Covered interv~l; very light gray (NS) to pinkish 
gray (5YRS/l) weathering orthoquartzite in talus; 
314 
isolated exposures. . . . . . . . . . . . . . . . . • . . . . . . . . • . . 6 5 
1. Orthoquartzite; light brown (5YR6/ 4), pinkish gray 
(5YRS/l), light gray (N7) and very light gray (NS); 
weathers pale yellowish brown (10YR6/2), light 
brown (5YR6/ 4), light gray (N7) and locally dark 
reddish brown (10R3/ 4); fine to coarse grained; 
indistinct parallel laminae; parallel bedded; numer-
ous joints; no organic structures observed ...... . 70 
TOTAL TIIlCKNESS 1196 
SECTION 12. CONTINUED 
Sharp contact, disconformity 
UNIT 5 of Beutner and Scholten (1967) 
1. Dolomite; weathers medium gray (N5) to light olive 
gray (5Y6 / l) ............•........•.•.......•.. 
Sharp contact, disconformity 
CAMBRIAN(?) QUARTZITE 
208 
THICKNESS 
IN FEET 
4 
209 
SECTION 13 
Location: Meadow Lake Section, located along crest of cirque wall at Meadow 
Lake, Lemhi County, Idaho, El/2, Sec. 26, Tl3N, R26E, N to W to S aspect. 
Measured by: :Wm. Calvin James and Robert Oaks, Jr. Hand level and 
Jacob staff. 8/14, 22/71; 9/20-22/71. 
FISH HAVEN DOLOMITE 
2. Dolomite, medium gray (N5); weathers medium 
dark (N4) to medium light gray (N6); fine crystal-
line; local chert nodules; some beds contain numer-
ous brachiopods and corals .................... . 
THICKNESS 
IN FEET 
1. Dolomite, shale and orthoquartzite, interbedded; 
dolomite: medium light gray (N6); weathers med-
ium gray (N5) to light olive gray (5Y6/l); fine 
crystalline; thin to medium bedded; marly partings 
present; locally arenaceous; shale: weathers med-
ium light gray (N7) to light olive gray (5Y6/1); minor 
orthoquartzite: white (N9) to bluish white (5B9/l); 
minor; occurs as discontinuou ·s channels......... --------
Sharp contact, disconformity 
KINNIKINIC FORMATION 
8. Orthoquartzite; white (N9) to light gray (N7); weath-
ers grayish orange (10YR7 / 4), white (N9), light 
gray (N7) :md light brown (5YR5/6); very fine to 
medium grained; medium-angle, south- and south-
west dipping, generally bottom-tangent, cross-
laminae; beds 0. 4-2. 0 feet, average 0. 8 foot; par-
allel bedded; numerous joints; minor Skolithos-
like burrows; minor, horizontal, simple burrows 
near top of unit; moderately abundant to abundant 
weathering(?) pits (0. 01-0. 05 foot in diameter).... 245 
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SECTION 13. CONTINUED 
THICKNESS 
IN FEET 
7. Sandstone; moderate yellowish brown (10YR5/4); 
weathers moderate yellowish brown (10YR5/ 4) to 
grayish orange (10YR7/4); medium to coarse 
grained; possibly a small fault zone(?) ......••... 
6. Conglomerate; white (N9) to grayish orange 
(10YR7 / 4); weathers grayish orange (10YR7 / 4); 
pebble-sized quartz grains in a martix of very fine 
sand-sized quartz grains; interbedded ortho-
45 
quartzite..................................... 3 
5. Orthoquartzite; white (N9), light gray (N7) and 
yellowish gray (5Y8/l); weathers white (N9), light 
gray (N7) moderate yellowish brown (10YR5/ 4) 
and light brown (5YR5/fi); very fine to medium 
grained; indistinct, parallel laminae; minor, 
medium-angle, cross-laminae; beds 0. 3-3. 8 
feet, average 0. 5 foot; parallel bedded; joints; 
minor weathering(?) pits....... . . . . . . . . . . . . . . . . 589 
4. Orthoquartzite; white (N9) to light gray (N7); weath-
ers white (N9), pinkish gray (5YR8/ 1), moderate 
yellowish brown (10YR5/ 4) and medium light gray 
(N6); fine to coarse grained; indistinct, parallel 
laminae; minor cross-laminae; medium, parallel 
bedded; numerous joints; moderately abundant to 
abundant weathering(?) pits..................... 477 
3. Orthoquartzite; white (N9), very light gray (NS), 
pale yellowish brown (10YR6/2) and minor pale 
reddish brown (10R5/ 4); weathers very light gray 
(NS) to moderate yellowish brown (10YR5/ 4); fine 
to course grained; minor, parallel laminae; minor, 
south-dipping, cross-laminae; beds 0. 4-0. 8 foot, 
average 0. 6 foot; parallel bedded; numerous joints; 
discontinuous minor, dark yellowish orange 
(10YR6/6), coarse-grained sandstone near top of 
unit. . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . 423 
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SECTION 13. CONTINUED 
THICKNESS 
IN FEET 
2. Conglomerate; grayish orange (10YR7/4); weath-
ers white (N9) to dark yellowish orange (10YR6/ 6); 
pebble-sized quartz grains in a fine-sand-sized 
matrix of quartz; beds 0. 4-0. 8 foot, average 0. 6 
foot; interbedded with orthoquartzite ............ . 
1. Orthoquartzite ; white (N9), light gray (N7) and 
locally light brown (5YR5/ 6); weathers white (N9), 
light gray (N7) and light brown (5YR5/6); very fine 
to medium grained; indistinct laminae; beds 0. 3-
0. 9 foot, average 0. 5 foot; indistinct, parallel bed-
6 
ded; joints; generally poor exposures............ 498 
TOTAL THICKNESS 2285 
Cont'lct at slope break and weathered color change 
CAMBRIAN(?) QUARTZITE 
2. Covered interval; orthoquartzite in float; no dolo-
mite of Unit 5 of Beutner and Scholten (1967) 
observed; saddle ......... . ................... . 
1. Orthoquartzite; grayish orange pink (10R8/2), gray-
ish orange (10YR7 / 4) and light gray (N7); weathers 
grayish orange pink (10R8/2) to grayish orange 
(10YR7 / 4); fine to medium grained; parallel laminae; 
beds 0. 7-1. 6 feet, average 1. 2 feet; parallel bedded; 
43 
vertical joints; no organic structures observed. . . . 152 
Sharp contact, angular unconformity 
PR EC AM BRIAN MET ASEDIMENTS 
212 
SECTION 14 
Location: Leadore Hills Section, approximately located in the general area 
of the !£adore Hills, Lemhi County, Idaho, T14N and T15N, R26E . 
Described by: Edward T. Ruppel (1968) 
SA TUR DAY MOUNTAIN FORMATION 
2. Dolomite; medium gray (N5) to medium light gray 
(N6); fine crystalline; thick bedded; minor black 
chert nodules ................................ . 
1. Sandstone with shale arid quartzite interbeds; sand-
stone; grayish orange (10YR7 / 4) to olive gray 
(5Y4/1); medium grained; shale; grayish red 
(10R4/2) to dark gray (N3); occurs as thin inter-
beds; quartzite; light bluish gray (5B7/1); fine to 
medium grained; occurs as lenses .............. . 
KINNIKINIC QUARTZITE 
1. Quartzite; white (N9) or light gray (N7); fine to med-
ium grained; massive; locally conglomeratic near 
base; minor, discontinuous, reddish brown (10R4/6) 
to reddish orange (10R6/6), ferrodolomite-cemented 
THICKNESS 
IN FEET 
sandstone..................................... 2000 
ESTIMATED THICKNESS 2000 
Angular unconformity 
PRECAMBRIAN QUARTZITE 
SECTION 15 
Location: Reese Canyon Section, located 0. 25 miles west of mouth of 
Reese Canyon in low hills north of Reese Canyon Road, Lemhi County, 
Idaho, NWl/ 4, Sec. 7, Tl 7N, R25E, S aspect. 
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Measured by: Wm. Calvin James and Robert Oaks, Jr. Taped. 9/22/71; 
8/22/72. 
FISH HA VEN (?) DOLOMITE 
1. Metamorphosed dolomite; medium dark gray (N4); 
weathers medium dark gray (N4) to dark gray (N3); 
THICKNESS 
IN FEET 
mostly covered................................ --------
Indistinct contact, picked on occurrence of Fish Haven(?) talus 
KINN! KINIC FORMATION ( ?) 
2~ Covered interval; brown (5YR5/6, 5YR4/ 4 and 5YR3/ 4) 
to pinkish gray (5YR8/1) weathering metaquartzite in 
float; minor outcrops; dip slope. . . . . . . . . . . . . . . . . 350 
1. Metaquartzite; light gray (N7), yellowish gray 
(5Y8/l), light olive gray (5Y6/1), light brownish 
gray (5YR6/l) and grayish red purple (5RP4/2); 
weathers light gray (N7), light brownish gray 
(5YR6/1), moderate brown (5YR4/4) and light 
olive gray (5Y6/l); medium to coarse grained; mi-
nor, parallel and wavy parallel laminae; beds 0. 1-
1. 3 feet, average 0. 4 foot: mostly thin to very thin, 
parallel bedded; vertical joints; liesegange banding; 
no organic structures observed; concentrations of 
mica along some bedding planes; minor metamor-
phic lineations present. . . . . . . . . . . . . . . . . . . . . . . . . 693 
TOTAL THICKNESS 1043 
Sharp contact, angular unconformity 
SECTION 15. CONTINUED 
PRECAMBRIAN QUARTZITE 
1. Metaquartzitc; dark reddish brown (10R3/ 4); 
weathers moderate red (5R4/6) to moderate 
reddish brown (10R4/6); medium to coarse 
214 
THICKNESS 
IN FEET 
grained; highly jointed. . . . . . . . . . . . . . . . . . . . . . . . . . --------
215 
SECTION 16 
Location : Rattlesnake Creek, located on east facing slope between Rattlesnake 
Creek and Dear Creek, LemM County, Idaho, Nl/2, Sec. 32, to S1/2, Sec. 29, 
T19N, R21E, SE aspect. 
Measured by: Wm. Calvin James and Robert Oaks, Jr. Taped. 9/23/71; 
8/21/7 2. 
PRECAMBRIAN METASEDIMENTS 
2. Meta.quartzite ............. . ................ . . . 
1. Metamorphosed siltstone .. . .. . . . .............. . 
Thrust fault contact 
KINNIKINIC FORMATION ( ?) 
1. Metaquartzite ; light gray (N7), white (N9), light 
olive gray (5Y6/ l) and light brownish gray (5YR6 / l); 
weathers light gray (N7), grayish orange (10YR7/4), 
pinkish gray (5YR8/1) and light brown (5YR5/6); 
very fine to medium grained; indistinct laminae; 
beds 0. 4-2. 0 feet, average 1. 2 feet; parallel bedded; 
minor tectonic brecciation ; vertical joints; forms 
THICKNESS 
IN FEET 
distinct cliff, no organic structures observed..... > 593 
TOTAL THICKNESS >593 
Sharp contact, angular unconformity(?), thurst fault(?) 
PRECAMBRIAN METASEDIMENTS 
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SECTION 17 
wcation: Maho~any Hills Section, located on the most western of two 
ridge's of quartzite along the mrthcastern extremity of the Mahogany Hills, 
Custer County, Idaho, Sl/2, Sec. 22 to NWl/4, Sec. 27, Tl3N, R22E, 
NE aspect (SW at top). 
Measured by: Wm. Calvin James and Robert Oaks, Jr. Taped. 8/ 31/ 71; 
9/3/71; 9/ 24/71. 
SA TUR DAY MOUNTAIN FORMATION 
1. Dolomite; dark gray (N3) to medium gray (N5) 
weathers medium gray (N5); fine to medium crystal-
line; medium bedded; reworked orthoquartzite peb-
bles of Kinnikinic Formation in basal 5. 0 feet ; 
THICKNESS 
IN FEET 
(Maple, Read, and Smith, 1965)............... . . ------- -
Sharp cont.'lct, disconformity 
KINNIKINIC FORMATION 
3. Orthoquartzite; white (N9) to medium light gray 
(N6); weathers grayish orange (10YR7/4), light 
brown (5YR5/6), moderate brown (5YR4/ 4) and 
very light gray (N8); fine to medium grained; par-
allel laminae; minor, low-angle, bottom-tangent, 
cross-laminae; beds O. 3-1. 3 feet, average 0. 8 
foot; parallel bedded; minor joints; no organic . struc-
tures observed. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 355 
2. Orthoquartzite; white (N9), pinkish gray (5YR8 / l) 
and pale yellowish brown ( 10YR6/2); weathers very 
light gray (N8), moderate brown (5YR4/ 4) and mod-
erate yellowish brown (10YR5/ 4); fine to coarse 
grained; indistinct parallel and cross-laminae; beds 
O. 4 - 1. 0 foot, average 0. 6 foot; parallel bedded; 
joints; minor, horizontal, simple burrows. . . . . . . . 825 
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SECTION 17. CONTINUED 
THICKNESS 
IN FEET 
1. Orthoquartzite: white (N9), pinkish gray (5YR8/l) 
and medium light gray (N6) ; weathers light brown 
(5YR5/6), moderate yellowish brown (10YR5/ 4), 
moderate brown (5YR4/ 4) and very light gray 
(NS); fine to coarse grained; indistinct, thin, par-
allel laminae; minor, interference wave ripples; 
beds 0. 3-1. 6 feet, average 0. 8 foot; parallel bedded; 
moderately developed joints..................... 432 
TOTAL THICKNESS 1610 
Sharp contact, disconformity 
UNIT 5 ( ?) of Beutner and Scholten (1967) 
1. Dolomite; moderate yellowish bronw (10YR5/4); 
weathers {Xlle yellowish brown (10YR6/2); very 
fine to fine crystalline; beds O. 1-0. 6 feet, average 
0. 3 foot; p.:'lrallel to wavy parallel bedded; locally 
calcareous. . .................. . ............... ( 3 
Sharp contact, disconformity 
CAMBRIAN(?) QUARTZITE 
1. Orthoquartzite ; very light gray (NS) to medium dark 
gray (N5) with grayish red purple (5RP4/2); weath-
ers moderate brown (5YR4 / 4), grayish red (10R4/2) 
and very light gray (NS); fine to very coarse grained; 
indistinct, medium, parallel and wavy {Xlrallel 
bedded; vertical and diagonal joints; no organic struc-
tures observed; liesegang banded................ > 358 
Base not exposed 
218 
SECTION 18 
Location : Kinnikinic Creek Reference Section 2, approximately 0. 3 mile 
north of strati graphic section 19, Custer County, Idaho, NE 1/ 4, Sec. 22 
to SEl/2, Sec. 15, TllN, R17E, E aspect. 
Measured by: Wm. Calvin James and Robert Oaks, Jr. Taped. 8/26/71. 
SATURDAY MOUNTAIN FORMATION 
1. Shale, siltstone, dolomite, and sandstone ....... . 
Sharp contact, disconformity 
KINNIKINIC FORMATION 
5. Orthoquartzite and shale, interbedded; orthoquartz-
ite: thin to thick, :inrallel bedded with bed thickness 
increasing upward; shale: very thin to thin bedded; 
THICKNESS 
IN FEET 
orthoquartzite predominates.................... 68 
4. Shale and orthoquartzite, interbedded; very thin to 
thin, parallel and wavy parallel bedded; orthoquartz-
ite-shale ratio increases upward in unit.......... 51 
3. Orthoquartzite; minor shale partings............ 7 
2. Shale and very-thin-bedded orthoquartzite........ 12 
1. Orthoquartzite; fine grained; thin to medium par-
allel bedded; very minor shale partings.......... 83 
TOTAL THICKNESS > 221 
Base of Kinnikinic Formation not exposed 
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SECTION 19 
Location: Kinnikinic Creek Reference Section 1, located along crest of E-W-
trending ridge near crest of anticline on north side of Salmon River Canyon, 
above Hi ,way 93 bridge across the Salmon River, Custer County, Idaho, 
El/2, Sec. 22, TllN, R17E, E aspect. 
Measured by: Wm. Calvin James and Robert Oaks, Jr. Taped. 8/25/71. 
KINNIK INIC FORMATION 
Thrust fault 
SA TUR DAY MOUNTAIN FORMATION 
1. Shale, siltstone, dolomite and sandstone; shale and 
siltstone: dark gray (N3) to medium light gray (N6); 
weathers medium dark gray (N4), light gray (N7), 
light olive gray (5Y6/l) and pale yellowish brown 
(10YR6/2); thin bedded; non-calcareous and non-
dolomitic; dolomite: medium gray (N5); weathers 
medium dark gray (N4) to medium light gray (N6); 
thin bedded; sandstone: moderate yellowish brown 
(10YR5/4); weathers light olive gray (5Y6/1) to 
dark yellowish brown (10YR4/2); medium to very 
THICKNESS 
IN FEET 
coarse grained; discontinuous laterally; minor.... --------
Sharp contact, disconformity 
KINN! KINIC FORMATION 
3. Orthoquartzite; medium dark gray (N4) to light gray 
(N7) and light olive gray (5 Y6/ 1); weathers medium 
dark gray (N4), light olive gray (5Y6/l), pale yel-
lowish orange (10YR6 / 2) and locally moderate brown 
(5YR4/ 4); very fine to fine grained. indistinct lami-
nae; generally indistinct beds; locally beds O. 2-1. 4 
feet, average 0. 6 foot; parallel(?) bedded; no organ-
ic structures observed; minor shale partings..... 115 
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SECTION 19. CONTINUED 
THICKNESS 
IN FEET 
2. Orthoquartzite and shale, interbedded; orthoquartz-
ite: medium dark gray (N4) to light gray (N7); 
weathers medium dark gray (N4), light gray N7), 
light brownish gray (5YR6/ 1) and light brown (5YR5/ 
6); fine grained; indistinct laminae; very thin to 
medium, parallel bedded; no organic structures ob-
served; shale : light olive gray (5Y6/l), light 
brownish gray (5YR6/l) and medium light gray (N6); 
weathers medium light gray (N6), light brownish 
gray (5YR6/l) and pale yellowish brown (10YR6/2); 
non-calcareous and non-dolomitic; locally silty and 
sandy; no organic structures observed........... 71 
1. Orthoquartzite; light brownish gray (5YR6/l), white 
(N9), light olive gray (5Y6/l), medium gray (N5) 
and brownish gray (5YR4/ l}; weathers moderate 
yellowish brown 10YR5/ 4) ; light olive gray (5Y6/l), 
medium light gray (N6) and light brown (5YR5/6); 
fine grained ; indistinct laminae; beds 0. 3 - 1. 8 
feet, average 0. 5 foot , parallel to wavy parallel bed-
ded, where distinguishable; no organic structures 
observed. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 190 
TOTAL THICKNESS 376 
Sharp contact, disconforminty 
ELLA DOLOMITE 
1. Dolomite ; medium gray (N5) to light brownish gray 
(5YR6/1); weathers light olive gray (5Y6/ 1), med-
ium light gray (N6) and moderate yellowish brown 
(10YR5/4); fine crystalline; continuous and discon-
tinuous, parallel and wavy parallel, silty and sandy 
laminae; minor algal(?) laminae; medium bedded; 
description applies to characteristics within 15 feet 
of the Ella-Kinnikinic contact; thickness from Hobbs, 
Hays, and Ross (1968).......................... 700+ 
CAMBRIAN(?) QUARTZITE 
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SECTION 20 
location: Park Creek Section, approximately 2. 0-2. 5 miles west from the 
junction of Trail Creek Road and Park Creek Road, Blaine County, Idaho, 
El / 2, Sec. 23, T6N, R18E, SSE aspect. 
Measured by: Wm. Calvin James and Robert Oaks, Jr. Taped. 8/25/72. 
PHI KAPPA FORMATION 
Argillite Unit 
1. Argillite (shale & mudstone); dark gray (N3) to gray-
ish black (N2); weathers dark gray (N3), grayish 
brown (5YR3/2) and dark reddish brown (10R3/ 4); 
thin, parallel laminae; very thin to thin, parallel 
THICKNESS 
IN FEET 
and wavy JXl,rallel bedded; carbonaceous.......... --------
Sharp cont.act, disconformity 
Quartz Siltite Unit 
4. Quartz siltite and argillite (shale), interbedded; 
quartz siltite: very light gray (N8) to dark gray 
(N3); weathers very light gray (NS), grayish orange 
(10YR7/4) and dark gray (N3); very fine sand to 
coarse silt; very thin to medium, continuous and 
discontinuous, non-parallel, parallel and wavy par-
allel laminae; small-scale, isolated ripples; beds 
0. 1-1. 0 foot, average 0. 25 foot; generally thin, 
non-parallel, parallel and wavy parallel bedded; 
minor load deformation structures; minor, non-
descript, horizontal, simple burrows, near mid-
dle of unit; zones of alternating, discontinuous, 
light and dark laminae; argillite: occurs as part-
ings and thin beds. . . . . . . . . . . . . . . . . . . . . . . . . . . . . 187 
3. Quartz siltite; grayish black (N2); weathers grayish 
black (N2) to dark reddish brown (10R3/ 4); very 
fine sand to coarse silt; thin to very thin bedded; 
isolated outcrops; no organic structures observed. 45 
SECTION 20. CONTINUED 
2. 
1. 
Quartz siltitc and argillite (shale), interhedded; 
white {N9) to grayish black {N2); weathers medium 
gray {NS), light olive gray (5Y6/ 1) and dark red-
dish brown (10R3/ 4); very fine · sand to coarse silt; 
thin to very thin, continuous and discontinuous, 
nonparallel, parallel and wavy parallel laminae; 
isolated ripples; possibl large-scale wave ripples; 
thin to very thin, parallel and nonparallel bedded; 
argillite: occurs as partings and very thin beds .. 
Covered interval; dark gray (N3) weathering quartz 
siltite in float ................................ . 
THICKNESS 
IN FEET 
79 
54 
TOTAL THICKNESS 365 
Sharp contact, disconformity 
1. 
Argillite Unit 
Argillite (shale and mudstone); varigated; beds 
<0. 1-0. 4 foot, average 0. 2 foot; parallel to wavy 
parallel bedded: fissile zones . .. ............... . 
222 
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SECTION 21 
Location : North Putnam Peak Section A, approximately 6. 8 miles cast of 
North Putnam Peak, Caribou County, Idaho, Wl/2, NEl/4, Sec. 29, T5S, 
R38E, W aspect. 
Measured by: Wm. Calvin James and John E. Bircher. Hand level and 
Jacob staff. 8/11/72. 
Fault contact 
SWAN PEAK FORMATION 
Upper Member 
1. Orthoquartzite; white (N9) to grayish orange 
(10YR7/4); weathers grayish orange (10YR7/4) to 
moderate brown (5YR4/ 4); fine to medium grained; 
thin, parallel laminae; thin to medium, parallel 
bedded; minor weathering(?) pits ; minor iron-oxide-
THICKNESS 
IN FEET 
staining. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . > 225 
TOTAL UPPER MEMBER THICKNESS > 225 
Middle Member (not present ? ). . . . . . . . . . . . . • . . . . . . . 0 
TOTAL MIDDLE MEMBER THICKNESS 0 
Sharp contact 
Lower Member 
3. Covered interval; moderate yellowish brown 
(10YR5/4), light gray (N7) and pale yellowish 
brown (10YR6/2) weathering siltstone-mudstone 
and orthoquartzite; shale is minor to absent; 
description based on shallow pits and isolated 
exposures. . . • . . . . . . . . . . . . • . . . . . . . . . • . . . • . . • . . . 23 
SECTION 21. CONTINUED 
2. 
1. 
Orthoquartzite-quartz siltite; light olive gray 
(5Y6/l); weathers pale yellowish brown (10YR6/2), 
grayish orange (10YR7/4) and reddish brown 
( 10R4/ 6); very fine sand-sized to silt-sized grains; 
parallel laminae; thin to medium, parallel bedded; 
minor iron-oxide-staining; dolomite cemented .... 
Siltstone-mudstone; medium light gray (N6) to yel-
lowish gray (5Y8/1); weathers dark yellowish brown 
(10YR4/2), pale yellowish brown (10YR6/2) and 
grayish red (10R4/2); thin to medium, continuous, 
parallel laminae; beds 0. 2-0. 4 foot, average 0. 35 
foot; parallel bedded; dolomite cemented ........ . 
TOTAL LOWER MEMBER THICKNESS 
TOTAL LOWER AND MIDDLE MEMBER THICKNESS 
TOTAL SWAN PEAK FORMATION THICKNESS 
Sharp contact, disconformi ty 
GARDEN CITY FORMATION 
1. Limestone; medium dark gray (N4) to medium gray 
(NS); weathers medium light gray (N6) to olive gray 
224 
THICKNESS 
IN FEET 
15 
4 
42 
42 
> 267 
(5Y4/1); minor chart nodules.................... --------
225 
SECTION 22 
Location: North Putnam Peak Section B, approximately 4. 7 miles east of 
North Putnam Peak, Caribou County, Idaho, SW 1/4, Sec. 25 to NEl/4, 
NEl/ 4, Sec . 25, T5S, R37E, E aspect (overturned). 
Measured by: Wm. Calvin James and John E. Bircher. Taped. 8/13/72. 
FISH HAVEN DOLOMITE 
THICKNESS 
IN FEET 
1. Dolomite, medium gray (NS); weathers medium light 
gray (N6) to light olive gray (5Y6/l); fine crystalline; 
discontinuous and continuous, parallel laminae; thin 
to n1edium, parallel bedded..................... --------
Sharp contact, disconformity 
SWAN PEAK FORMATION 
Upper Member 
3. Orthoquartzite ; light gray (N7) to pale yellowish 
brown (10YR6/2); weathers light brown (5YR6/ 4) to 
pale yellowish brown (10YR6/2); medium grained; 
minor, thin, discontinuous, parallel laminae; num-
erous, low- to high-angle, bottom-tangent, random-
dipping, cross-laminae; beds 0. 5-0. 8 foot, average 
0. 7 foot; parallel bedded; Skolithos-like burrows.. 4 
2. Orthoquartzite ; very light gray (N8), medium light 
gray (N6) and minor pale red (5R6/2); weathers very 
light gray (N8) to pale yellowish brown (10YR6/2), 
light brown (5YR5/6) and grayish red (5R4/2); fine 
to coarse grained; indistinct, parallel laminae; beds 
0. 3-0. 7 foot, average 0. 5 foot; parallel bedded; 
minor joints; minor liesegang banding; minor weath-
ering( ,?) pits. . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . 425 
1. Covered interval; very light gray (N8) to moderate 
yellowish brown (10 YR5/4) weathering orthoquartz-
i te in float; isolated exposures. . . . . . . . . . . . . . . . . . > 407 
TOTAL UPPER MEMBER THICKNESS >' 836 
SECTION 22. CONTINUED 
226 
THICKNESS 
IN FEET 
TOTAL SWAN PEAK FORMA TION THICKNESS >836 
Contact covered by alluvial deposits 
227 
SECTION 23 
l.ocation: Bob Smith Canyon Section, approximately 4. 0 miles north of 
Topaz Station up Bob Smith Canyon, Bannock County, Idaho, NEl/4, SWl/4 
to NWl/4, SEl/4, Sec. 36, T8S, R37E. Waspect near base and E aspect 
near top. 
Measured by: Wm. Calvin James and Jay N. Shearer. Hand level and 
Jacob staff. Taped . 8/5/72. 
THICKNESS 
IN FEET 
FISH HAVEN DOLOMITE 
1. Dolomite; medium gray (N5) to dark gray (N3); fine 
to 1nedium crystalline; sandy near base.......... --------
Sharp contact, disconformity 
SWAN PEAK FORMATION 
Upper Member 
1. Orthoquartzit.e ; white (N9), light gray (N7) and yel-
lowish gray (5Y8/1 ); weathers white (N9), light 
brown (5YR5 /6) and grayish orange (10YR7 / 4); fine 
to medium grained ; thin, continuous and discontinu-
ous, parallel laminae; beds 0. 4-1. 1 feet, average 0. 6 
foot; parallel bedded; minor joints; minor weathering 
( ?) pits; exposures poor to moderately good... . . . 1249 
TOTAL UPPER MEMBER THICKNESS 1249 
Contact at first good exposures of white (N9) orthoquartzit.e 
Middle Member 
1. Covered interval; moderate yellowish brown 
(10YR5/ 4); weathering orthoquartzite in float; 
minor Phycodes; PT6bably shale interbeds; iso-
lated exposures .............................. . 84-126 
TOTAL MIDDLE MEMBER THICKNESS 84-126 (?) 
Indistinct contact 
228 
SECTION 23. CONTINUED 
Lower Member TIIlCKNESS 
IN FEET 
1. Covered interval; pale yellowish brown (10YR6/2) 
to light brown (5YH5/ 6) orthoquartzite and mud-
stone-siltstone in float; probable shale interbeds.. 56-98 
TOTAL LOWER MEMBER TIIlCKNESS 56-98 (?) 
TOTAL LOWER AND MIDDLE MEMBER THICKNESS 182 
TOTAL SWAN PEAK FORMATION THI'CKNESS 1431 
Sharp contact, disconformity 
GARDEN CITY FORMATION 
1. Limestone; medium light gray (N6) to dark gray 
(N3); fine to medium crystalline; numerous chert 
nodules. . .. . ..... . . . .......................... --------
SECTION 24 
Location: Smith C:rnyon Section, approximately 0. !'> miles north of th~ 
Smlt.h Cnnyon Hoad, Bannock County, Idnho, SWl/4, NEI/4, Sec. 24, 
TIOS, R37F., W aspect. 
229 
Measured by : Wm. Cal vin James. Hand level and Jacob staff. 9/15/71. 
FISH HA VEN DOLOMITE 
2. Dolomite ; medium gray (N5); weathers medium 
dark gray (N4) to light gray (N7); medium crys-
talline; numerous Favostites ................... . 
1. Dolomite and sandstone ; dolomite: medium light 
gray (N6): weathers light gray (N7) to light olive 
gray (5Y6/ l); extremely arenaceous; sandstone: 
medium light gra y (N6) to light olive gray (5Y6/l); 
medium grained; minor dolomite cement; cobble-
sized (0. 2- 0. 7 foot maximum diameter), rounded 
THICKNESS 
IN FEET 
pieces of orthoquartzite in lower 6 inches of unit.. --------
Sharp cont.act, disconformity 
SWAN PE AK FORMATION 
5. 
Upper Member 
Othorquartzite ; white (N9) to very pale orange 
(l0YRS/2); weathers white (N9), very pale orange 
(l0YRS/2), gra yish orange (10YR7 / 4) and moder-
ate yellowish orange (10YR5/4); fine to medium 
grained; thin, continuous and discontinuous, i:nr-
allel laminae; low- to high-angle, bottom-tangent, 
generally south-dipping, cross-laminae; beds 0. 3-
1. 6 feet, average 0. 8 foot; parallel bedded; minor 
joints; no organic structures observed .......... . 
4. Orthoquartzite; white (N9) to light gray (N7); 
weathers white (N9), very pale orange (l0YRS/2) 
and minor moderate yellowish brown (10YR5/ 4); 
fine to medium grained; thin, discontinuous, par-
allel laminae; indistinct bedding; minor liesegang 
83 
banding; poor exposures ........... , . . . . . . . . . . . . 353 
230 
SECTION 24. CONTINUED 
THICKNESS 
IN FEET 
3. Orthoquartzite; white (N9), very pale orange 
( 10YR8/2), grayish orange (10YR7 / 4), light gray 
(N7) and minor µ1le red (10R6/2); weathers white 
(N9) to moderate yellowish brown (10YR5/4); fine 
to coarse grained; thin, parallel laminae; minor, 
low-angle, bottom-tangent, north-dipping, cross-
laminae ; beds 0. 3-1. 6 feet, average 0. 8 foot; mi-
nor weathering(?) pits; burrows absent to minor 
with a few beds burrow-churned . . .............. . 
2. Covered interval ; white (N9) to moderate yellow-
ish brown (10YR5/ 4) weathering orthoquartzite 
460 
in float.... . ........... . ...................... 38 
1. Orthoquartzi te; very light gray (N8), grayish 
orange (10YR7 / 4) and light brown (10YR6/ 4); 
weathers moderate yellowish brown (lOYR 5/ 4), 
moderate brown (5YR4/ 4), light gray (N7) and 
light brown (5YR6/ 4); fine to medium grained; 
thin, parallel laminae; bottom-tangent, south-
dipping, cross-laminae; beds 0. 3-1. 2 feet, aver-
age 0. 7 foot; parallel bedded; numerous Skolithos-
like burrows . .. . . . ........•................... 103 
TOTAL UPPER MEMBER THICKNESS 1037 
Indistinct contact at highest occurrence of hydroxylapatite, highest 
occurrence of "fucoidal" markings and minor slope change 
3 . 
Middle Member 
Orthoquartzite; moderate yellowish brown (10YR5/ 4), 
moderate brown (5YR4/4) and white (N9); weathers 
moderate brown (5YR4/ 4) and minor white (N9); fine 
to medium grained; minor, parallel laminae; beds 
0. 6-1. 8 feet, average 0. 8 foot; parallel bedded; num-
erous, vertical, simple burrows and Phycodes; mi-
nor interbedded, white (N9) orthoquartzite; contin-
uous and discontinuous bands ( < 0. 1 feet thick) of 
hydroxylapatite; minor shale partings ........... . 9 
231 
SECTION 24. CONTINUED 
THICKNESS 
IN FEET 
2. 
1. 
Covered inter val; moderate brown ( 5 YR 4/ 4), 
"fucoid-rich " o rthoquartzite and possible minor 
shale ..... ........... ...............•......... 
Orthoquartzite and minor shale, interbedded; mod-
erate yellowish brown (10YR5/ 4), grayish orange 
(10YR7 / 4), pale yellowish brown (10YR6/2) and 
minor white (N9); wea thers moderate yellowish 
brown (10YR5/ 4) to grayish orange (10YR7 /4); fine 
to medium grained; minor, parallel laminae; bot-
tom -tangent, south-dipping, cross-laminae; beds 
0. 3-1. 2 feet, average 0. 6 foot; parallel bedded; 
numerous Skolithos-like burrows and Phycodes; 
shale; olive gray (5Y3/2); maximum of 5. 0 feet 
thick; minor ................................. . 
54 
63 
TOTAL MIDDLE MEMBER THICKNESS 126 
Contact picked at first good exposures of brown orthoquartzite and ortho-
quartzite-shale ratio change 
Lower Member 
1. Shale, siltstone-mudstone, sandstone and ortho-
quartzite-1uartz siltite, interbedded; shale: 
dark gray (N3) to olive gray (5Y3/2); weathers 
dark gray (N3) to olive gray (5Y3/2); noncal-
careous, except near base of unit; siltstone-mud-
stone: moderate yellowish brown (10YR5/ 4) to 
medium gray (NS); weathers pale yellowish brown 
(10YR6 /2 ) to olive gray (5Y4/1); noncalcareous 
except near base, sandstone and orthoquartzite-
quartz siltite : moderate yellowish brown (10YR5/ 4); 
weathers moderate yellowish brown (10YR5/ 4); 
medium grained; thin, parallel laminae; lithology 
based on 12 pi ts dug at approximately equal inter-
vals through section. . . . . . . . . . . . . . . . . . • . . . . . . . . 7 2 
TOTAL LOWER MEMBER THICKNESS 72 
TOTAL MIDDLE AND LOWER MEMBER THICKNESS 198 
TOTAL SWAN PEAK FORMATION THICKNESS 1235 
SECTION 24. CONTINUED 
Sharp contact, disconformity 
GARDEN CITY FORMATION 
1. Limestone; medium gray (N5); weathers medium 
gray (N5) to light olive gray (5Y6 /l ); minor chert 
nodules ...................................... . 
232 
THICKNESS 
IN FEET 
233 
SECTION 25 
Location: Midnight Creek-Clifton Creek Section, approximately 2. 0 miles 
southeast of the Joslin Ranch House, Power County, Idaho, Sec. 33 to 
Sec. 24, T8S, R34E, W aspec t . 
Measured by : Wm. Calvin James. Hand level and Jacob staff. 8/7 /72. 
Upper contact not exposed 
SWAN PEAK FORMATION 
Upper Member 
3. Covered interval; white (N9) to moderate yellowish 
brown (10YR5/ 4) weathering orthoquartiite in float; 
THICKNESS 
IN FEET 
no other lithologies observed; isolated exposures. . > 385 
2. Orthoquartzite; white (N9) to light gray (N7); weath-
ers white (N9), light brown (5YR5/ 6) and moderate 
yello wish brown (10YR5/4); fine to medium grained; 
minor, parallel laminae; minor, medium-angle, 
bottom-tangent, north - and south-dipping, cross-
laminae; beds 0. 3-0. 9 foot, average 0. 6 foot; par-
alle l bedded ; numerous joints; minor Skolithos-like 
burrows; minor weathering(?) pits; moderate to 
poor exposures . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 481 
1. Covered interval; white (N9) to moderate yellowish 
brown (10YR5/ 4) weathering orthoquartzite in float; 
no other lithologies observed; isolated outcrops ... 390 
TOTAL UPPER MEMBER THICKNESS > 1256 (?) 
Sharp Contact 
Middle Member 
1. Orthoquartzite and shale, interbedded; orthoquartz-
ite: moderate yellowish brown (10YR5/ 4) to moder-
ate brown (5YR4/ 4) ; weathers moderate yellowish 
234 
SECTION 25. CONTINUED 
THICKNESS 
brown (10YR5/4) to moderate brown (5YR4/4); fine 
to medium grained; minor, parallel laminae; minor, 
bottom-tangent, north-dipping, cross-lamiae; beds 
0. 3-1. 1 feet, average 0. 6 foot; parallel bedded; al-
ternating burrowed and unburrowed beds; Phycodes; 
IN FEET 
shale: grayish green (10GY5/2); minor........... 33 
TOTAL MIDDLE MEMBER THICKNESS 33 
Indistinct contact 
1. 
Lower Member 
Covered interval ; moderate brown (5YR4/4), med-
ium gray (N5) to dark yellowish orange (10YR6/6) 
weathering siltstone-mudstone, shale and sand-
stone in float .. .. ..... ........................ . 26 
TOTAL LOWER MEMBER THICKNESS 26 
TOTAL LOWER AND MIDDLE MEMBER THICKNESS 59 
TOTAL SWAN PEAK FORMATION THICKNESS > 1315 (?) 
Sharp contact, disconformity 
GARDEN CITY FORMATION 
1. Limestone; medium gray (N5) to medium bluish gray 
(5B5/1); medium crystalline; numerous chert nodules; 
some marly JXlrtings .. ........................ . 
235 
SECTION 26 
Location: Swim Ranch Section, approximately 2. 5 miles north of the com-
munity of Pauline, Power County, Idaho, SWl/ 4, SEl/2, Sec. 35, T9S, 
R33E, W aspect. 
Measured by: Wm. Calvin James. Hand level and Jacob staff. 7/15/71. 
FISH HA VEN DOLOMITE 
1. Dolomite; medium gray (N5); weathers medium 
dark gray (N4) to medium gray (N6); medium 
to coarse crystalline; medium bedded; very 
arenaceous; dolomite to dolomite-cemented sand-
stone near base; cobble-sized, reworked· o:rtho-
quartzite in lower 2. 0 feet of unit ....•.......... 
Sharp contact, disconformity 
SWAN PEAK FORMATION 
Upper Member 
2. Orthoquartzite; white (N9) to medium light gray 
(N6); weathers light gray ( N7), very light gray (N8) 
and grayish orange (10YR7 / 4); fine grained; indis-
tinct, parallel laminae; beds 0. 3-1. 4 feet, average 
0. 6 foot; parallel bedded; no organic structures 
THICKNESS 
IN FEET 
observed. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • 12 
1. Orthoquartzite; white (N9) to medium light gray (N6); 
weathers light gray (N7), very light gray (NS) and 
grayish orange (10YR7 / 4); fine grained; thin, con-
tinuous and discontinuous, parallel laminae; medium-
to high-angle, bottom-tangent, cross-laminae; minor 
scour-and-fill structures; beds 0. 2-2. 3 feet, aver-
age 1. O foot; parallel bedded; numerous Skolithos-
like burrows; some beds burrow-churned; moder-
ately abundant, zoned weathering(?) pits......... >173 
TOTAL THICKNESS -,.1s5 
Based covered by the Salt Lake Formation 
236 
SECTION 27 
location: White Quartz Mountain Composite Section, on the western slope 
of White Quartz Mounta in, Power County, Idaho, SEI/4, SWI/ 4, Sec. 28 
to SWI/4, SEI/4, Sec. 28, T9S, R32E, W aspect. 
Measured by: Wm Calvin James. Hand level and Jacob staff. 7 /25/72 
FISH HAVEN DOLOMITE 
1. Dolomite; medium gray (N5) to medium dark gray 
(N4); weathers medium gray (N5) to dark gray (N3); 
fine to medium crystalline; minor chert nodules; 
very sandy near base ......................... . 
Sharp contact, disconformity 
SWAN PEAK FORMATION 
Upper Member 
THICKNESS 
IN FEET 
4. Orthoquartzite ; white (N9) to grayish orange ( 10YR7 / 4); 
weathers white (N9) to grayish orange (10YR7 / 4), fine 
to medium grained; indistinct, parallel laminae; beds 
0. 4-0. 8 foot, average 0. 6 foot; parallel bedded; num-
erous joints ; numerous weathering(?) pits; minor 
dolomite cementation.......................... 68 
3. Orthoquartzite ; white (N9) to grayish orange (10YR7 / 4); 
weathers white (N9) to grayish orange (10YR7/4); 
fine to medium grained; thin, parallel laminae; 
numerous, medium-angle, bottom-tangent, south-
and west-dipping, cross-laminae; beds O. 2-0. 9 
foot, average 0. 6 foot; parallel bedded; numerous 
vertical joints; no organic structures observed.... 155 
2. Orthoquartzite; white (N9) to grayish orange 
(10YR7/4); weathers white (N9), pale yellowish 
brown (10YR6 / 2), light brown (5YR5/6), moder-
ate brown (5YR4/ 4) and grayish orange pink (5YR7/2); 
fine to medium grained; thin, parallel laminae; mi-
nor, random-direction-dipping, cross-laminae; 
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SECTION 27. CONTINUED 
THICKNESS 
IN FEET 
beds 0. 3-1. 3 feet, average 0. 8 foot; parallel bed-
ded; minor Skolithos-like burrows and pinhole-
type burrows; minor weathering(?) pits occurring 
in zones.............. . . . . . . . . . . . . . . . . . . . . . . . . 640 
1. Orthoquartzite; white (N9) to grayish orange 
(10YR7/4); weathers grayish orange (10YR7 /4) , 
light brown (5YR5/6), white (N9), grayish red 
(lOR4/2) and moderate brown (5YR3/4); fine to 
medium grained; parallel laminae; beds 0. 5-1. 4 
feet, average 0. 9 foot; parallel bedded, vertical 
joints; no organic structures observed, poor ex-
posures....... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 323 
APPROXIMATE UPPER MEMBER THICKNESS 1186 
Middle Member (not present) . . . . . . . . . . . . . . . . . . . . . . . . . . . 0 
TOTAL MIDDLE MEMBER THICKNESS 0 
Sharp contact, disconformity 
1. 
Lower Member 
Siltstone, orthoquartzite-quartz siltite and minor 
shale, interbedded; siltstone: light olive gray 
(5Y5/2) to pale yellowish brown (10YR6/2); weath-
ers moderate brown (5YR3/ 4) to pale yellowish 
brown (10YR6/2); minor marly partings; ortho-
quartzite-quartz siltit.e: pale yellowish brown 
(10YR6/2) to grayish orange (10YR7 / 4); weathers 
pale yellowish brown (10YR6/2) to grayish orange 
(10YR7/4); fine to medium grained; shale : medium 
gray (N5) to pale olive (10Y6/2); indistinct bedding 
throughout unit; no organic structures observed ... 24 
TOTAL LOWER MEMBER THICKNESS 24 
TOTAL LOWER AND MIDDLE MEMBER THICK NESS 24 
TOTAL SWAN PEAK FORMATION THICKNESS 1210 
SECTION 27. CONTINUED 
Sharp contact, disconformi ty 
GARDEN CI TY FORMATION 
1. Limestone, medium gray (N5); fine to medium 
crystalline; thin to medium bedded; numerous 
chert nodules ..... . .......................... . 
THICKNESS 
IN FEET 
NOTE: Description of Fish Haven Dolomite from exposures a few 
hundred feet north of measured section. Laketown Dolo-
mite is in fault contact with the Swan Peak Formation in 
saddle directly east of White Quartz Mountain. The 
measured thickness of the upper member, however, is 
thought to be approximately correct. 
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SECTION 28 
Location: Elkhorn Peak Section, approximately at the junction of Tl2S-
Tl3S and R36E-R35E, Bannock County, Idaho, S-SE aspect. 
239 
Measured by: Wm. Calvin James. Hand level and Jacob staff. 7/20"71. 
THICKNESS 
IN FEET 
Fault ( ?) 
SWAN PEAK FORMATION 
Upper Member 
2. Covered interval; white (N9), medium light gray (N6) 
and light brown (5YR5/6) weathering orthoquartzite 
in float. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . >250 
1. Orthoquartzite; white (N9), medium light gray (N6) 
and minor very pale orange (10YR8/2); weathers 
white (N9), medium light gray (N6) and light brown 
(5YR5/ 6); fine grained; indistinct, parallel laminae; 
beds O. 5-2. 5 feet, average 1. 2 feet; parallel bedded; 
minor weathering(?) pits (0. 07-0. 20 foot in dia-
meter) approximately 180 feet above base of unit; 
some beds burrow-churned........ . . . . . . . . . . . . . 450 
TOTAL UPPER MEMBER THICKNESS > 750 
Contact at highest occurrence of brown orthoquartzite in float 
Middle Member 
1. Covered interval; middle member not definitely identified 
in float..... . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . > 0 
TOTAL MIDDLE MEMBER THICKNESS ~ 0 
Contact (?) 
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SECTION 28. CONTINUED 
THICKNESS 
IN FEET 
I,0w0r Mt'mbcr 
1. Covered interval; orthoquartzi te and shale in float; 
orthoquartzite: moderate brown (5YR4/ 4) to light brown 
(5YR5/6); weathers moderate brown (5YR4/4), light 
brown (5YR5/6) and grayish red (10R4/2); fine to 
medium grained; shale: pale yellowish brown (10YR6/2) 
to medium gray (N5); shale greater than orthoquartz-
itc......... .. . . . . . . .. . . . . . . . . . .. . . . . . . .. . . . .. "-118 
TOTAL LOWER MEMBER THICKNESS < 118 
TOTAL LOWER AND MIDDLE MEMBER THICKNESS 118 
TOTAL SWAN PEAK FORMATION THICKNESS > 868 
Sharp contact, disconformity 
GARDEN CITY FORMATION 
1. Limestone; medium gray (N5); very fine to fine crys-
talline; numerous chert nodules. . . . . . . . . . . . . . . . . --------
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SECTION 29 
Location: Cherry Creek Section, approximately 1. 5 miles east of the com-
munity of Cherry Creek, Oneida County, Idaho, NEl/4, SWl/4, Sec. 24, 
T15S, R3(iE, W aspect. 
Measured by: Wm. Calvin James. Hand level and Jacob staff. 7 /15/71. 
LAKETOWN DOLOMITE 
Fault Contact 
SWAN PEAK FOR MA TIO N 
Upper Member 
2 . Covered interval; white (N9) to grayish or? .nge 
(10YR7/4) weathering orthoquartzite in float; dip 
THICKNESS 
IN FEET 
slope......................................... > 76 
1. Orthoquartzite; white (N9) to medium light gray 
(N6); weathers very light gray (NS), grayish orange 
(10YR7/4), medium light gray (N6) and light brown 
(5YR5/6); fine to medium grained; indistinct, par-
allel laminae; beds 0. 6- 2. 5 feet, average 1. 1 feet; 
parallel bedded; numerous joints; most structures 
destroyed due to tectonic breccination. . . . . . . . . . . 33 l 
TOTAL UPPER MEMBER THICKNESS > 407 
Contact at distinct orthoquartzite color change accompanied by 
loss of shale 
Middle Member 
1. Orthoquartzite and shale, interhedded; orthoquartz-
ite: light brown (5YR5/6), moderate yellowish brown 
( l0YR 5/ 4) and pale yellowish brown (10YR6/ 2); 
weathers light brown (5YR5/6), dark reddish brown 
(10R3/4) and pale yellowish brown (10YR6/2); fine 
grained; parallel and wavy i:nrallel laminae; medium-
angle, bott.om-tangent, south- and west-dipping, 
SECTION 29. CONTINUED 
cross-laminae ; beds 0. 2-2. 1 feet, average O. 5 foot; 
parallel bedded; numerous Phycodes and minor 
Macluritella; minor amounts of hydroxylapatite; 
shale: medium gray (Nfi); occurs as partings and 
THICKNESS 
IN FEET 
thin beds; noncalcareous; minor. . . . . . . . . . . . . . . . . 46 
TOTAL MIDDLE MEMBER THICKNESS 46 
Contact gradational through approximately 10 feet 
Lower Member 
2. Shale and orthoquartzite, interbedded; shale: dark 
gray (N3); weathers dark gray (N3) to light olive 
1. 
gray (5Y6/l); occurs in zones up to 4 feet thick; 
orthoquartzite: light brown (5YR5/6) to pale yel-
lowish brown (10YR6/2); weathers moderate brown 
(5YR3/4) to grayish orange (10YR7/4 ) ; fine grained; 
parallel laminae; Orthambonites; shale-orthoquartz-
i te ratio decreases upward in unit; description based 
on shallow pits and isolated exposures........... 164 
Siltstone-mudstone, limes tone and shale, interbed-
ded; silt sto ne-m udston e: pale yellowish brown 
(10YR6/2) to light olive gray (5Y6/l); limestone: 
moderate yellowish brown (10YR6/ 4); weathers 
dark yellowish brown (10YR4/2); medium to coarse 
crystalline; shale: dark gray (N3); weathers dark 
gray (N3); occurs as partings; description based on 
shallow pits and isolated exposures .......•...... 10 
TOTAL LOWER MEMBER THICKNESS 174 
TOTAL LOWER AND MIDDLE MEMBER THICKNESS 220 
TOTAL SWAN PEAK FORMATION THICKNESS > 627 
Sharp contact, disconformity 
GARDEN CITY FORMATION 
1. Limestone; medium gray (N5); numerous chert 
nodules; locally dolomitic ...........•..•....... 
242 
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SECTION 30 
Location: Dry Canyon Section, approximately 0. 2 mile south of Dry 
Canyon Road, Oneida County, Idaho, SWl/4, NWl/4, Sec. 1, Tl6S, R37E, 
N aspect. 
Measured by: Wm. Calvin James and Jay N. Shearer. Hand level and 
Jacob staff. 7 / 8/71. 
THICKNESS 
IN FEET 
Upper contact not exposed in area 
SWAN PEAK FOR MA TI ON 
Upper Member 
1. Orthoquartzite ; whit e (N9), light gray (N7) and pinkish 
gray (5YR8 / l); weathers ve ry light gray (NS), light 
brownish gray (5YR6/l) and dark reddish brown 
( 10R3 / 4); fine grained; indistinct laminae; indistinct 
beds 0. 7-2. O feet, average 1. 1 feet; indistinct, JE.r-
allel bedded; numerous joints; liesegang banded; 
tectonic brecciation near top of unit; no organic 
structures observ e d ; isolated exposures......... > 97 
TOTAL UPPER MEMBER EXPOSED > 97 
Contact at highest occurrence of brown orthoquartzite in float 
1. 
Middle Member 
Covered interval ; orthoqu a rtzite and shale in float; 
orthoquartzite: light brown (5YR5/6), moderate 
brown (5YR4/ 4) and dark reddish brown (10R3/ 4); 
weathers moderate brown (5YR4/ 4) to dark reddish 
brown (10R3/ 4); fine to medium grained; shale: 
pale yellowish brown (10YR6/2); very minor; 
"fucoidal" markings present in float ............. . 61 
TOTAL MIDDLE MEMBER THICKNESS 61 
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SECTION 30. CONTINUED 
THICKNESS 
IN FEET 
Indistinct contact zones of approximately 20 feet, based on 
slope break, ratio of orthoquartzite t.o shale and weathering 
characteristics 
1. 
Lower Member 
Covered interval; orthoquartzite and shale in float; 
orthoquartzite : light brown (5YR5/ 6), pale yellow-
ish brown (10YR6/2) and grayish orange (10YR7/4); 
shale: light gray (N7) ; shale greater than ortho-
quartzite ..................................... . 45 
TOTAL LOWER MEMBER THICKNESS 45 
TOTAL LOWER AND MIDDLE MEMBER THICKNESS 106 
TOTAL SWAN PEAK FORMATION THICKNESS > 203 
Sharp contact, disconformity 
GARDEN CITY FORMATION 
1. Limestone ; me dium gra y (N5) ; numerous chert 
nodules ...... . ............................... . 
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SECTION 31. 
Location: Clarkston Mountain Section, approximately 0. 5 miles southwest 
of Gunsight Peak, Box Elder Count, Utah, SWl/4, SEl/4, Sec. 25, Tl4N, 
R3W, W aspect. 
Measured by: Wm. Calvin James. Hand level and Jacob staff. 6/28 / 71. 
FISH HAVEN DOLOMITE 
1. Dolomite; medium gray (N5); weathers medium dark 
gray (N4); medium crystalline; indistinct laminae 
THICKNESS 
IN FEET 
and bedding; no organic structures observed... . . . --------
Sharp contact, disconformity 
SWAN PEAK FORMATION 
Upper Member 
3. Orthoquartzite ; light gray (N7) to white N9); weath-
ers very light gray (N8); fine grained; indistinct 
laminae and bedding due to minor tectonic brec-
ci:ltion; numerous vertical joints; no organic struc-
tures observed; poor exposures................. 65 
2. Orthoquartzite ; very light gray (NS) to white (N9); 
weathers very light gray (NS), white (N9) and light 
brown (5YR5/6); fine grained; indistinct laminae 
and bedding; numerous pinhole burrows; Skolithos-
like burrows; minor weathering (?) pits; poor ex-
posures. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 223 
1. Orthoquartzite; white (N9) to light gray (N7) with 
minor light olive gray (5Y6/1); weathers very 
light gray (NS), very pale orange (10YR8/2) and 
light brown (5YR5/6); fine grained; thin, parallel 
laminae; medium-angle, bottom-tangent, south-
west-dipping, cross-laminae; beds 0. 4-1. 7 feet, 
average 0. 9 foot; parallel bedded; vertical joints; 
vertical and horizontal, simple burrows; minor 
weathering(?) pits ·; liesegang banded ............ . 178 
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SECTION 31. CONTINUED 
THICKNESS 
IN FEET 
TOTAL UPPER MEMBER THICKNESS 466 
Sharp contact 
Middle Member 
1. Orthoquartzite and shale, interbedded; orthoquartzite: 
light brown (5YR5/6) to moderate brown (5YR4/4); 
weathers pale yellowish brown (10YR6/2) to dark 
yellowish brown (10YR4/2); fine grained; thin, con-
tinuous, parallel and wavy parallel laminae; beds 
0. 4-1. 0 foot, average 0. 7 foot; parallel bedded; 
minor hydroxylapatite throughout upper portion of 
unit; shale: pale green (5G7 /2) to medium gray 
(N5); weathers pale green (5G7 /2) to medium gray 
(N5): shale intervals up to 1. 5 feet thick; abundant 
Phycodes and minor inclined, simple burrows 
throughout unit. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 29 
TOTAL MIDDLE MEMBER THICKNESS 29 
Contact based on change in weathering characteristics, appearanc~ 
of Phycodes and occurrence of green shales 
1. 
Lower Member 
Orthoquartzite-quartz siltite and shale, interbedded; 
orthoquartzite-quartz siltite: light brown (5YR6/ 4) 
to moderate yellowish brown (10YR5/4); weathers 
light brown (5YR5/6); fine grained; thin, parallel 
and wavy parallel laminae ; beds 0. 2-1. 5 feet, aver-
age 0. 4 foot ; parallel bedded; shale: medium gray 
(N5); weathers medium gray (N5) to medium light 
gray (N6); shale intervals decrease in abundance 
upward in unit; Orthambonites and Chondrites (?) 
occur throughout unit ......................... . 79 
TOTAL LOWER MEMBER THICKNESS 79 
TOTAL MIDDLE AND LOWER MEMBER THICKNESS 108 
TOTAL SWAN PEAK FORMATION THICKNESS 574 
SECTION 31. CONTINUED 
Sharp contnct, disconformity 
GARDEN CI TY FORMATION 
1. Limest.one; medium light gray (N6); weathers 
medium gray (N5); medium crystalline; thin, par-
allel laminae; parallel bedded; grayish black (N2) 
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THICKNESS 
IN FEET 
chert nodules present.. . . . . . . . . . . . . . . . . . . . . . . . . --------
SECTION 32 
Location: Ten Mile Creek Section, approxi mately 2. 3 miles south of 
Crystal Peak, Box Elder County, Utah, SWl/4, SEl/4, Sec. 34, T14N, 
Rl2W. N aspect. 
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Measured by: Wm. Calvin James and Robert Oaks, Jr. Taped. 8/30/72. 
THICKNESS 
IN FEET 
FISH HA VEN DOLOMITE 
1. Metamorphosed dolomitic limestone; medium light 
gray (N6) to light olive gray (5Y6/l); weathers light 
olive gray (5Y6/l) to medium gray (N5) ; coarse crys-
talline; thin, continuous, parallel laminae; indistinct 
bedding; no organic structures observed.......... --------
Sharp contact, disconformity 
EUREKA QUARTZITE 
3. Metaquartzite; medium light gray (N6) with minor 
dark reddish brown (10R3 /4 ); weathers moderate 
brown (5Y4/ 4), dark reddish brown (10R3/ 4) and 
light gray (N7); fine grained; indistinct laminae; 
medium, parallel bedded; no organic structures ob-
served; iron oxide-rich zone. . . . . . . . . . . . . . . . . . . . 2 
2. 
1. 
Metaquartzite; white (N9) and medium light gray 
(N6): weathers white (N9), very light gray (NS), 
light brown (5YR5/6) and moderate brown (5YR4/4); 
fine grained; indistinct laminae; beds 0. 3-0. 6 foot, 
average 0. 5 foot; parallel hedded; vertical joints; 
no organix structures observed ................ . 
Covered interval; white (N9), light gray (N7) and 
light brown (5YR5/6) quartzite in talus .......... . 
78 
34 
TOTAL THICKNESS 114 
SECTION 32. CONTINUED 
THICKNESS 
IN FEET 
Indistinct contact, picked at highest occurrence of Pogonip 
Group talus 
POGONIP GROUP 
1. Metamorphosed limestone; medium gray (N5) with 
minor light brown (5YR5/6); weathers medium light 
gray (N6) to light olive gray (5Y6/l); coarse crystal-
line; thin, discontinuous, parallel laminae; indistinct 
bedding; no organic structures observed ........ . 
249 
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SECTION 33 
Location: Crystal Peak Section, approximately 1. 1 miles east of Crystal 
Peak, Box Elder County, Utah, SEl / 4, SEl/4, Sec. 14, T14N, Rl2W, E 
aspect. 
Measured by: Wm. Calvin James and Robert Oaks, Jr. Taped. 8/30/72. 
THICKNESS 
IN FEET 
FISH HA VE DOLOMITE 
1. Metamorphosed dolomitic limestone; medium gray 
(N5) to grayish orange (10YR7 / 4); weathers medium 
dark gray (N4) with minor light olive gray (5Y6/ l); 
coarse crystalline; indistinct laminae and bedding 
due to moderately-developed schistosity parallel 
to the bedding; no organic structures observed. . . . --------
Sharp contact, disconformity 
EUREKA QUARTZITE 
2. Metaquartzite ; pinkish gray (5YR8 /l ) to light 
brown (5YR5/6); weathers moderate brown (5Y3/ 4) 
to dark reddish brown (10R3/ 4); fine grained; in-
distinct lamin ae and bedding due to servere tectonic 
brecciation ; no organic structures observed; iron 
oxide-rich zone ........................ . ...... . 
1. Metaq uartzit e; whit e (N9), yellowish gray (5Y8/ l) 
and grayish orange (10YR7 / 4); weathers yellowish 
gray (5Y8/1), very light gray (NS), moderate brown 
(5YR4/ 4) and moderate orange pink (5YR8 / 4); fine 
grained; indistinct laminae; beds 0. 6-1. 0 foot, av-
erage 0. 7 foot; parallel bedded; some tectonic brec-
ciation; vertical joints; no organic structures ob-
4 
served....................................... 275 
TOTAL THICKNESS 279 
Sharp contact, disconformity 
POGONIP GROUP 
1. Metamorphosed limestone; medium gray (N5); weath-
ers medium gray (N5) to light olive gray (5Y6/ l); 
medium crystalline; thin, discontinuous, parallel 
laminae; indistinct bedding; no organic structures 
observed .................................... . 
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SECTION 34 
Location : Hi rch Cre<'k Section, approximately 4. 2 miles south of the town 
of Strevell, Idaho, nox Elder County, Utah, SWl/4, NEl/4, Sec. 15, Tl4N, 
Rl2W. W aspect. 
Measured by: Wm. Calvin James and Robert Oaks, Jr. Taped. 8/30/72. 
FISH HAVEN DOLOMITE 
THICKNESS 
IN FEET 
1. Metamorphosed calcareous dolomite; medium dark 
gray (N4) and minor very pale orange (10YR8/2); 
weathers light gray (N7), medium gray (NS) and 
light olive gray (5Y6/l); medium crystalline; indis-
tinct laminae and bedding due to poor exposures and 
severe tectonic brecciation; no organic structures 
observed. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . --------
Sharp contnct, disconformity 
EUREKA QUARTZITE 
1. Mctaquartzite; very light gray (NS), light gray (N7) 
and yellowish gray (5Y8/l); weathers light gray (N7) 
to grayish orange (10YR7 / 4); fine grained; indistinct 
laminae and bedding due to severe tectonic brecciation ; 
no organic structures observed.. . . . . . . . . . . . . . . . 41 
TOTAL THICKNESS 41 
Sharp contact, disconformity 
POGONIP GROUP 
1. Metamorphosed dolomitic limestone; medium light 
gray (N6); weathers medium light gray (N6) to med-
ium dark gray (N4); medium crystalline; indistinct 
laminae; locally, thin, parallel bedded; some 
tectonic brecciation; no organic structures obser-
ved ........................ ,················· 
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SECTION 35 
Location: Clear Cr e ek Section, approximately 3. 6 miles northwest of the 
community of Clear Creek, Box Elder County, Utah, SEl/4, SEl/4, Sec. 28, 
T15N, R13W, Easp e ct. 
Measured by : Wm. Calvin James and Robert Oaks, Jr. Taped. 8/29/72. 
THICKNESS 
IN FEET 
FISH HA VEN DOLOMITE 
1. Metamorphosed calcareous dolomite; medium gray 
(NS) to medium dark gray (N4); weathers medium 
dark gray (N4), olive gray (5Y4/ 1) and dark yellowish 
brown (10YR4 / 2); medium to coarse crystalline; thin, 
discontinuous, parallel laminae; indistinct bedding; 
no organic structures observed; black (Nl) and , dark 
yellowish orange (10YR6/6) chert nodules in lower 
20 feet of unit. ..... . .. . ..... . ................ . 
Sharp contact, disconformity 
EUREKA QUARTZITE 
2. Metaquartzite ; white (N9) to dark reddish brown (10R3 / 4); 
weathers dark reddish brown (10R3 / 4); medium grain-
ed; indistinct laminae; medium, parallel bedding; no or-
ganic structures observed; iron oxide-rich zone... 3 
1. Metaquartzite; white (N9), very light gray (N8) and 
yellowish gray (5Y8/1); weathers white (N9), gray-
ish orange, and moderate brown (5YR4/4); fine grain-
ed ; indistinct, thin, dis continuous, parallel laminae; 
beds 0. 1-0. 6 foot, average 0. 4 foot; minor tectonic 
brecciation; vertical joints; no organic structures ob-
served.. .. ................................... 54 to 70 
TOTAL THICKNESS 
Indistinct contact, picked at highest occurrence of Pogonip Group 
talus, disco'tlformity 
57 to 73 
SECTION :35. CONTINUED 
POGONIP GROUP 
THICKNESS 
IN FEET 
1. Metamorphosed limestone; medium gray (N5); weath-
ers medium gray (N5) to light olive gray (5Y6/l); 
medium crystalline; thin, parallel laminae; thin to 
medium bedded; no org-anic structures observed.. --------
253 
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SECTION 36 
Location: Stanrod Section, approximately 2. 6 miles southeast of the com-
munity of Clear Creek, Box Elder County, Utah, NWl/4, NEl/4, Sec. 31, 
T15N, Rl3W. E aspect . 
Measured by: Wm. Calvin James and Robert Oaks, Jr. Taped. 8/ 29/72. 
FISH HA VEN DOLOMITE 
1. Metamorphosed dolomitic limestone; light gray 
(N7) to dark gray (N3); weathers light gray (N7), 
medium gray (N5) and light olive gray (5Y6/ l); 
fine to medium crystalline ; indistinct laminae ; 
indistinct bedding due to poor exposures ; no 
organic structures observed .. . ................ . 
Sharp contact, disconformity 
EUREKA QUARTZITE 
THICKNESS 
IN FEET 
1. Metaquartzite; white (N9), medium light gray (N6) 
and minor grayish orange (10YR7 / 4); weathers 
white (N9), ve r y light gray (NB) and moderate brown 
(5YR3 / 4); fine grained ; indistinct laminae and 
bedding due to sev e re tectonic brecciation; vertical 
jointing; no organic structures observed.. . . . . . . . 105 
TOTAL THICKNESS 105 
Indistinct contact, picked on loss of Pogonip Group talus, 
approximately 20 feet above highest isolated exposure of 
Pogonip Group; disconformity 
POGONIP GROUP 
1. Metamorphosed limestone; light gray (N7) to pink-
ish gray (5YR8/ 1); weathers light olive gray (5Y6/ l); 
fine to coarse crystalline; indistinct laminae and bed-
ding due to isolated outcrops and tectonic brecciation; 
no organic structure s observed ................ . 
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SECTION 37 
Location: One Mile CrC'C'k Section, approximately :L 3 miles southwest of 
thecommunityofSt.anrocl, Idaho, Box Elder County, Utah, NEl/4, NWl/4, 
Sec. 9, T14N, R14W, E aspect. 
Measured by: Wm. Calvin James and Robert Oaks, Jr. Taped. 8/29/72. 
THICKNESS 
IN FEET 
FISH HA VEN DOLOMITE 
1. Metamorphosed calcareous dolomite; light gray 
(N7); weathers light gray (N7), light brown (5YR5/6) 
and very light gray ( NS); medium to coarse crystal-
line; indistinct, thin, discontinuous, parallel laminae; 
thin to medium, parallel bedded; no organic struc-
tures observed ... , ........................... . 
Sharp contact, disconformity 
EUREKA QUARTZITE 
1. Metaquartzite; white (N9) to very light gray (NS); 
weathers white (N9), very light gray (NS), light 
brown (5YR5 /6 ) and moderate brown (5YR4/ 4); 
fine grained ; indistinct laminae; beds 0. 2-0. 6 
foot, average 0. 4 foot; parallel bedded; some 
tectonic brecciation; vertical joints; no organic 
structures observed ........................... . 106 
TOTAL THICKNESS 106 
Sharp contact, disconformity 
POGONIP GROUP 
2. Sandstone; dark yellowish orange (10YR6/6); weath-
ers pale reddish brown (10R5/ 4); coarse grained; 
covered slope. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . --------
1. Metamorphosed limestone; medium gray (N5); weath-
ers medium gray (NS) to light olive gray (5Y6/1); 
medium cryst.alline; thin, discontinuous, parallel 
laminae (some are silty and sandy); thin bedded; no 
organic structures observed. . . . . . . . . . . . . . . . . . . . --------
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SECTION 38 
Location: North Yost Prong Section, approximately 2. 8 miles soughwest 
of the community of Stanrod, Idaho, Box Elder County, Utah, Sl/2, NEl/4, 
Sec. 32, T15N, R14W, E aspect. 
Measured by: Wm. Calvin James and Robert Oaks, Jr. Taped. 8/28/72. 
FISH HAVEN DOLOMITE 
THICKNESS 
IN FEET 
1. Metamorphosed dolomitic limestone; medium dark 
gray (N4) to medium gray (N5) ; weathers light gray 
(N7), medium gray (N5) and light olive gray (5Y6/ 1); 
medium crystalline; thin and very thin, continuous and 
discontinuous, plrallel and wavy plrallel laminae; 
thin, parallel and wavy parallel bedded; numerous 
poorly preserved fossil fragments (crinoid stems 
and bryozoa fragments); minor black (Nl) to yel-
lowish gray (5Y8/1) chert nodules............... --------
Sharp contact, disconformity 
EUREKA QUARTZITE 
1. Metaquartzite; white (N9), light gray (N7) and very 
pale orange (10 YR8/2); weathers grayish orange 
(10YR7/4 ), light brown (5YR5/6), moderate brown 
(5YR4/ 4) and light gray (N7); fine grained; indistinct 
laminae and bedding due to severe tectonic brec-
ciation; numerous vertical joints; no organic struc-
tures observed. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 14 7 
TOTAL THICKNESS 147 
Sharp contact, disconformity 
POGONIP GROUP 
1. Metamorphosed limestone: medium light gray (N6); 
weathers medium dark gray (N4), medium light gray 
(N6) and olive gray (5Y4/ l); medium crystalline; thin, 
discontinuous, wavy parallel laminae (some are silty 
and sandy); unidentifible fossil fragments......... ------- -
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SECTION 39 
Location: Yost Section, approximately 1. 25 miles southeast of the town of 
Yost, Box Elder County, Utah, SWl/4, NEl/4, Sec. 14, T14N, R15W, 
S aspect (N near top). 
Measured by: Wm. Calvin James and Robert Oaks, Jr. Taped. 8/26/72. 
THICKNESS 
IN FEET 
FISH HA VEN DOLOMITE 
1. Metamorphosed dolomite; medium dark gray (N5) to 
medium gray (N4); weathers light gray ( N7) to light 
olive gray (5Y6/l); fine to medium crystalline; thin, 
discontinuous, parallel laminae; indistinct bedding; 
no organic structures observed.. . . . . . . . . . . . . . . . --------
Indistinct contact at first appearance of Fish Haven Dolomite 
in talus. 
EUREKA QUARTZITE 
1. Metaquartzite; very light gray (NS), white (N9) and 
light brown (5YR6/ 4) with minor pinkish gray 
(5YRS/l): weathers light gray (N7), very light gray 
(NS), moderate brown (5YR4/4) and minor gray-
ish orange ( 10YR7 / 4); fine to medium grained; thin 
indistinct, parallel laminae; indistinct, parallel 
laminae; indistinct bedding due to severe tectonic 
brecciation; no organic structures observed ..... . 320 
TOTAL THICKNESS 320 
Indistinct contact with interbedded(?) quartzite and carbonate 
occurring in a zone approximately 15 feet thick (in flat). 
POGONIP GROUP 
1. Metamorphosed limestone; light gray (N7) to med-
ium light gray (N6); weathers medium gray (N5) to 
pale yellowish brown (10YR6/2); coarse crystalline; 
discontinuous, parallel laminae; bedding is locally 
parallel, but generally is indistinct; no organic struc-
tures observed. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . --------
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SECTION 40 
Location: Johnson Creek Section, approximately 1. 4 miles southwest of 
the town of Yost, Box Elder County, Utah, SEl/4, NWl/4, Sec. 15, T14N, 
R15W, N aspect. 
Measured by: Wm. Calvin James and Robert Oaks, Jr. Taped. 8/29/72. 
THICKNESS 
IN FEET 
FISH HA VEN DOLOMITE 
1. Metamorphosed calcareous dolomite; dark gray (N3), 
light gray (N7) and grayish orange (10YR7/4); weath-
ers medium gray (N5) to light olive gray (5Y6/ l); 
medium to coarse crystalline; obscure laminae and 
bedding du<.> to poor exposures and severe tect.onic 
brecciation; no organic structures observed ..... . 
Sharp contact, dis conformity 
EUREKA QUARTZITE 
1. Metaquartzite; very light gray (N8) and light olive 
gray (5Y6/ l) with minor dark yellowish orange 
(10YR6 / 1) and light red (5R6/6) ; weathers white 
(N9), moderate brown (5YR4/ 4 and 5YR3/ 4) and 
dusky yellow (5Y6/ 4); fine grained; oscure laminae 
and bedding due to severe tectonic brecciation; 
numerous vertical joints; no organic structures 
observed .................................... . 60 
TOTAL THICKNESS 60 
Sharp contact, disconformity 
POGONIP GROUP 
1. Metamorphosed limest.one; medium gray (N5) to 
light olive gray (5Y6/l); weathers light olive gray 
(5Y5/2) to medium gray (N5); coarse crystalline; 
thin, continuous, parallel laminae (some are silty 
and sandy); thin, parallel bedded; no organic struc-
tures observed. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . --------
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SECTION 41 
Location: Dove Creek Pass Section (North), approximately 0. 3 miles north 
of Dove Creek Pass Road, Box Elder County, Utah, NEl/4, SWl/4, Sec. 22, 
Tl3N, Rl6W, E aspect. 
Measured by: Wm. Calvin James and Robert Oaks, Jr. Taped. 8/27/72. 
FISH HAVEN DOLOMITE 
THICKNESS 
IN FEET 
1. Metamorphosed calcareous dolomite; light gray (N7), 
medium light gray (N6) and minor light brown (5YR 
5/ 6); weathers light gray (N7) to moderate brown 
(5YR4/ 4); coarse crystalline; laminae and bedding 
obscure due to well-developed schistosity; no or-
ganic structures observed. . . . . . . . . . . . . . . . . . . . . . . --------
Sharµ cont'lct, disconformity 
EUREKA QUARTZITE 
2. Metaquartzite; white (N9), light gray (N7) and mi-
nor very pale orange (10YR8/2); weathers white (N9) 
light brown (5YR5/6), moderate brown (5YR4/ 4) and 
greenish gray (5GY6/ 1), with moderate brown weath-
ering increasing toward top of section; fine to med-
ium grained ; well-developed, medium and thin, dis-
continuous, parallel and wavy JX:1-rallel laminae; 
beds 0. 1-0. 7 foot, average 0. 4 foot; obscure par-
allel bedding difficult to distinguish from lineations due 
to metamorphism; vertical joints; no organic struc-
tures observed; concentrations of mica impurities 
along bedding planes. . . . . . . . . . . . . . . . . . . . . . . . . . . . 67 
1. Covered interval; quartzite in talus. . . . . . . . . . . . . . 18 
TOTAL THICKNESS 85 
Contact sharp, but poorly exposed, disconformity 
SECTION 41. CONTINUED 
POGONIP GROUP 
1. Metamorphosed carbonate (?); pale greenish 
yellow (lOYS/2) to pale olive (10Y6/2); 
weathers pale brown (5YR5/2) to moderate 
olive brown (5Y4/4); coarse crystalline; laminae 
and bedding obscure due to well-developed 
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THICKNESS 
IN FEET 
schistosity; no organic structures observed. . . . . . . --------
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SECTION 42 
Loc:1tion : Dove Creek Pass Section (South), approximately 0. 35 miles 
south of Dove Creek Pn.ss Road, Box Elder County, Utah, NWl/ 4, SWI/ 4, 
Sec. 27, T13N, R16W, NE aspect. 
Measured by : Wm. Calvin James and Robert Oaks, Jr. Taped. 8/27/72. 
FISH HA VEN DOLOMITE 
THICKNESS 
IN FEET 
1. Metamorphosed dolomite; medium light gray (N6); 
weathers medium gray (N5) to medium light gray 
(N6); fine to medium crystalline; thin, parallel and 
wavy parallel laminae; indistinct bedding due to poor 
exposures; no organic structures observed; mica 
occurs in minor amounts concentrated along laminae 
surfaces ........ ....... ..............•........ 
Sharp contact, disconformity 
EUREKA QUARTZITE 
1. Metaquartzite; white (N9), very light gray (N8) 
and light gray (N7); weathers white (N9) with minor 
ye llowish gray (5Y8/1) and light gray (N7); fine to 
medium grained; thin and medium, parallel and 
wavy parallel laminae; bedding indistinct due to 
poor exposures and effects of metamorphism; mi-
nor vertical joints; no organic structures observed 113 
TOTAL THICKNESS 113 
Sharp contact, disconformity 
POGONIP GROUP 
1. Metamorphosed limestone; medium light gray (N6) 
to light brown (5YR5/6); weathers light olive gray 
(5Y6/ 1), medium light gray (N6) and pale yellowish 
brown (10YR6/2); coarse crystalline; indistinct, 
medium, discontinuous, parallel laminae; thin, dis -
continuous parallel bedding; no organic structures 
observed.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . --------
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SECTION 43 
Location: Clarks Basin Creek Section, approximately 2. 2 miles south of 
Clarks Basin Spring, Box Elder County, Utah, NEl/4, SWl/4, Sec. 23, 
Tl3N, Rl6W, E aspect (W near top). 
Measured by: Wm. Calvin James and Robert Oaks, Jr. Taped. 8/28/72. 
THICKNESS 
IN FEET 
FISH HAVEN DOLOMITE 
1. Metamorphosed dolomite; medium gray (N5); weath-
ers light gray (N7) to light olive gray (5Y6/1); med-
ium crystalline; thin, continuous parallel laminae; 
indistinct bedding due to poor exposures; no organic 
structures observed .... .. ............. . ... . .. . 
Contact at first occurrence of Fish Haven talus, disconformity 
EUREKA QUARTZITE 
1. Metaquartzite; white (N9) with very light gray (N8); 
weath(•rs white (N9) with minor moderate brown 
(5YR4/ 4) and pinkish gray (5YR8/ 1 ); fine to med-
ium grained ; indistinct laminae and bedding due to 
minor tectonic brecciation; vertical joints; no 
organic structures observed ; poor exposures in 
upper 15 feet of unit ........................... . 94 
TOTAL THICKNESS 94 
Sharp contact, disconformity 
POGONIP GROUP 
2. Sandstone; light brown (5YR5/6); weather pale red-
dish brown (10R5/4) to light brown (5YR5/6); coarse 
grained; poor exposures ....................... . 
1. Metamorphosed limestone; very light gray (NS) to 
medium light gray (N6); weathers light olive gray 
(5Y6/l) to light gray (N7); coarse crystalline; thin, 
continuous and discontinuous parallel laminae; thin 
to very thin bedded; no organic structures observed. --------
SECTION 44 
Location: Warm Spring Section, approximately 2. 1 miles east of Warm 
Spring, Box Elder County, Utah, El/2, NEl/4, Sec. 21, T12N, R15W, 
N aspect. 
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Measured by: Wm. Calvin James and Robert Oaks, Jr. Taped. 8/27 /72. 
FISH HA VEN DOLOMITE 
THICKNESS 
IN FEET 
1. Metamorphosed calcareous dolomite; medium gray 
(N5) to medium light gray (N6); weathers light gray 
(N7), medium light gray (N6) and pale yellowish 
brown (10YR6/2) ; coarse crystalline; thin, continuous 
parallel laminae; bedding indistinct due to severe 
tectonic brecciation ; no organic structures observed. --------
Sharp contact with minor offsets (1. 5-5. 0 feet) due to numerous 
small normal faults, disconformity 
EUREKA QUARTZITE 
1. Metaquartzite; white (N9) with minor grayish orange 
(10YR7 / 4); weathers white (N9), very light gray (N8) 
moderate brown (5YR4/ 4) and yellowish gray (5Y8/ 1); 
medium grained; laminae and bedding obscure due to 
severe tectonic breccia tion; numerous vertical joints; 
no organic structures observed.................. 8 to 12 
TOTAL THICKNESS 8 to 12 
Sharp contact, disconformity 
POGONIP GROUP 
1. Metamorphosed limestone; medium gray (N5) and 
minor light olive gray (5Y6/1); weathers medium 
gray (N5) to medium light gray (N6); coarse crys-
talline; thin, continuous parallel laminae; bedding 
indistinct due to poor expo s ures; no organic struc-
tures observed. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . --------
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SECTION 45 
Location: Black Hills Section, approximately 1. 1 miles southwest of Black 
Hills Spring, Box Elder County, Utah, NEl/4, SEl/4, Sec. 21, Tl3N, 
R15W, N aspect. 
Measured by: Wm. Calvin James and Robert Oaks, Jr. Taped. 8/27 /72. 
THICKNESS 
IN FEET 
FISH HA VEN DOLOMITE 
1. Metamorphosed dolomite; medium dark gray (N4) 
to dark gray (N3); weathers medium gray (N5), 
light olive gray (5Y6/ l), and pale yellowish brown 
(10YR6/2); medium crystalline; thin, discontinuous 
and continuous, parallel laminae; parallel bedded; 
no organic structures observed ................ . 
Sharp contact, disconformity 
EUREKA QUARTZITE 
1. Metaquartzite; white (N9), very light gray (NS), and 
very pale orange (l0YRS/2); weathers white (N9) to 
light brown (5YR6/ 4 and 5YR5/6); fine grained; in-
distinct laminae; locally distinct bedding; beds 0. 3-
0. 7 foot thick, average 0. 5 foot; vertical joints; no 
organic structures observed ................... . 61 
TOTAL THICKNESS 61 
Contact picked at highest occurrence of Pogonip Group talus, 
approximately 8 feet above isolated Pogonip Group exposures. 
POGONIP GROUP 
1. Metamorphosed limest.one and minor metamorphosed 
dolomite, interbedded; medium gray (N5) to light 
olive gray (5Y6/l); weathers medium light gray (N6), 
yellowish !p"ay (5Y8/l), and light olive gray (5Y6/l); 
coarse crys tllline; thin, continuous, parallel laminae; 
thin to medium bedded; no organic structures ob-
served . ..................................... . 
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SECTION 46 
Location: Black Hills Creek Section, approximately 1. 6 miles southeast 
of Black Hills Spring, Box Elder County, Utah, NEl/4, NEl/4, Sec. 26, 
Tl3N, R 15W, W aspect. 
Measured by : Wm. Calvin James and Robert Oaks, Jr. Taped. 8/27/72 . 
THICKNESS 
IN FEET 
FISH HA VEN DOLOMITE 
1. Metamorphosed dolomite ; medium dark gray (N4) to 
medium gray (NS); weathers medium dark gray (N4) 
to medium gray (NS); medium crystalline; indistinct, 
thin, discontinuous, parallel laminae ; indistinct bed-
ding; no organic structures observed. . . . . . . . . . . . . --------
Sharp contact, disconformity 
EUREKA QUARTZITE 
2. Metaquartzite; white (N9) to light brown (5YR6 / 4) ; 
weathers in discontinuous bands from white (N9) 
and medium gray (NS) to moderate brown (5YR4/ 4), 
dark reddish brown (10R3 / 4), and black (Nl); fine 
to medium grained; indistinct, thin, parallel lami-
nae; bedding indistinct due to tectonic brecciation; 
no organic structures observed; iron oxide-rich 
zone...... .. .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4 
1. Metaquartzite; white (N9) with minor grayish orange 
(10YR7 / 4) and light gray (N7); weathers white (N9) 
very light g:ray (NS), and light brown (5YR5/6); fine 
to medium grained; obscure laminae and bedding 
due to poor exposures and tectonic brecciation; 
numerous vertical joints; no organic structures 
observed .................................... . 81 
TOTAL THICKNESS 85 
Contact picked at highest occurrence of Pogonip Group talus, 
approximately 10 feet above isolated exposures of Pogonip Group. 
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SECTION 46. CONTINUED 
THICKNESS 
IN FEET 
POGINIP GROUP 
1. Metamorphosed limestone; medium light gray (N6); 
weathers light gray (N7), light olive gray (5Y6/1) 
and minor grayish orange (10YR7/4); coarse crys-
talline; thin, continuous, parallel and wavy parallel 
laminae; thin bedded; no organic structures observed; 
isolated exposures...... . ...................... --------
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SECTION 47 
Location: Dunn Canyon Section, approximately 2. 4 miles north of the town 
of Park Valley, Box Elder County, Utah, Nl/2, SEl/ 4, Sec. 16, T13N, 
R13W, S aspect. 
Measured by: Wm. Calvin James and Robert Oaks, Jr. Taped. 8/30/72. 
THICKNESS 
IN FEET 
FISH HAVEN DOLOMITE 
1. Metamorphosed dolomitic limestone; light gray (N7); 
weathers light gray (N7) to medium gray (N5); fine 
crystalline; indistinct laminae and bedding due to 
tectonic brecciation; no organic structures observ-
ed. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . --------
Sharp contact, disconformity 
EUREKA QUARTZITE 
1. Metaquartzite, white (N9) to yellowish gray (5Y8/l); 
weathers yellowish gray (5Y8/ 1) to grayish orange 
(10YR7 / 4); fine grained; indistinct laminae and bed-
ding due to tectonic brecciation; vertical joints; no 
organic structures observed ................... . 29 
TOTAL THICKNESS 29 
Sharp contact, disconformity 
POGONIP GROUP 
1. Metamorphosed limestone; medium gray (N5) to . 
light olive gray (5Y6/l); weathers medium gray 
(N5), olive gray (5Y4/1), and grayish orange 
(10YR7 / 4); medium to coarse crystalline; thin to 
medium, continuous, parallel laminae; thin, par-
allel bedded; no organic structures observed ..... 
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SECTION 48 
Location: Park Valley Section, approximately 3. 8 miles northeast of the 
town of Park Valley, Box Elder County, Utah, SWl/4, SEl/4, Sec. 11, 
Tl:lN, H 13W, W aspect. 
Measured by: Wm. Calvin James and Robert Oaks, Jr. Taped. 8/30/72. 
THICKNESS 
IN FEET 
FISH HAVEN DOLOMITE 
1. Metamorphosed calcareous dolomite; light gray (N7) 
to medium gray (N5); weathers light gray (N7) to 
medium dark gray (N4); medium crystalline; indis-
tinct laminae and bedding due to poor exposures 
and tectonic brecciation; no organic structures ob-
served........ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . --------
Sharp contact, disconformity 
EUREKA QUARTZITE 
2. Metaquartzite; white (N9), light gray (N7) and mod-
erate yellowish brown (10YR5/ 4); weathers white 
(N9), dusky brown (5YR2/2) and light brown (5YR 
5/6); fine grained; thin to thick, continuous, parallel 
laminae; indistinct bedding due to well-developed 
lineations parallel to the bedding; vertical joints; 
no organic structures observed....... . . . . . . . . . . 21 
1. Covered interval; white (N9) to moderate brown 
(5YR4/ 4) quartzite in talus .............. .... ... . 3 
TOTAL THICKNESS 24 
Sharp contact, disconformity 
POGONIP GROUP 
1. Metamorphosed carbonate; medium gray (N5); weath-
ers medium gray (N5); coarse crystalline; indistinct 
laminae and bedding due to well-developed schistosity; 
no organic structures observed. . . . . . . . . . . . . . . . . . --------
